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I. INTRODUCTIO 


A. RAMTEK AND DI-3000 RELATIONSHIP 


The Naval Postgraduate School's Secure Wargaming 
Analysis and Research Laboratory (War Lab), located in 
Ingersol Hall room IN-157, is equipped with a high resolu- 
tion graphics systen. This system consists of six Ramtek 
GM859C cclor monitor screens, four 9460 controllers, anda 
Precision Visuals Incorporated DI-3000 graphics software 
system as modified by Lawrence Livermore Laboratories. The 
DI-3000 runs ona DEC VAX 11-780 uSing the VMS operating 
system. 

The purpose for writing this tutorial is to provide 
first-time users in the War Lab with an introductory level 
guide to using the Ramtek/DI-3000 graphics systen, and to 
serve as a departure point fer programmers wishing to make 
use cf the extensive capabilities documented in Reference 1. 
The facility is available for student and faculty use. 

DI-3000 is a device-independent software package. This 
independence theoretically enables a user to display 
graphics output on any type of standard graphics device if 
it is cennected to a DI-3000 Supported computer system. 
Eecause the DI-3000 system does not support all Ramtek 
features, and because some DI-3000 routines do not work as 
indicated in Reference 1, another purpose of this guide is 
to document these differences. 

The DI-3000 graphics software package is convenient and 
easy to use. The only backgrcund a programmer needs is an 
elementary knowledge of Fortran and the ability to create 
and run a program cn the VAX 11-780. This 1s because 
DI-3000 is merely a library of Fortran-callable subroutines. 
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An application program calls DI-3000 subroutines to generate 
graphics images on one or more of the Ramtek monitors. 

The remainder of this chapter provides definitions and 
conventicns, and explains general system use in broad terms. 


More detailed documentation is given in subsequent chapters. 


Be. LABCRATORY EQUIPSENT OVERVIEW 


The secure laboratory as typically configured is shown 
in Figure 1.1. Variations to this layout occur periodi- 
cally, kut of interest is the location of the six Ramtek 
monitors. At present, only three unique images can be 
displayed tketween tkese six monitors because of current 
hardware constraints. For example, monitor pair A and B may 
display an identical image, monitor pair C and D may share a 
second image, and monitor pair E and F a third image. Each 
user specifies within their program the monitor pair to be 
used to display their graphics output. Only three programs 
can display their images on the three monitor pairs at the 
Same time. 

By energizing just one of the monitors in a pair, for 
example, A but not B, a Single image will appear onaA 
instead cf duplicates on both A and B. A further descrip- 
tion cf how to specify and identify monitors is found in 
Chapter V. 

The VT-100 or VI-102 terminals are the most convenient 
for use in conjuncticn with graphics programming. They are 
equipped with edit function keys and are located near the 
Ramtek menitor screens and the input graphic tablets. The 
easiest way to get started in the laboratory is to obtain an 
account on the VAX system from the War Lab Manager and 
review the laboratory familiarization handout written by 
LCDR McCcy. Copies cf this handout are available in the War 
Lab. Cempleting the CAI Tutorial is also helpful so that 


14 





unique features of the VAX editor can be used to create 
DI-3000 Fortran programs. LNeCCGCAL@ECuLCOrsd) 1S an nt erac- 
tive program fcund on the VAX system. Its beginning 
instructions will appear on the terminal screen immediately 
after log-in. 


C. RUNNING A PROGRAE 


After a Fortran program file is created that ccensists of 
DI-3000 subroutine calls which display a graphics image, the 
file must be compiled, linked to DI-3000, then run in three 


distinct steps. Assume you have created a program file 
identified as PICTURE.FOR;5, and you wish to run the program 
and display the image on a Ramtek monitor. First you would 
type 


FOR PICTURE 
This command would ccmpile your latest version Fortran file, 


here number 5, named PICTURE. If compilation were 
successful, the command prompt 

$ 
would appear. If net, errors would result. To link the 


DI-3000 cperating system to your program you would next type 
SLINK PICTURE 
If there were no errors in your use of DI-3000, you would 
again see the command prempt. Then you would run. the 
Frogram by typing 
RUN PICTURE 
Figure 1.2 is an example of the control commands and screen 
returns that will te displayed when successfully running 
PICTURE.FOR;5 with no errors. Notice that there are five 
compilation warnings listed. These are normal systen 
respcenses. If other than these warnings are listed, you 
have generated an eé¢rror condition either in your use of 
DI-3000 or during the compilation and run phase of your 
Fortran frogran. 
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Once a program has been successfully run at least once, 


an object file is created. Any time the user would then 
desire to display tke image, only “running” the program 
would be necessary. For our previous example, only the 
command 


RUN PICTURE 
would be required. 


De. INITIALIZATION OVERVIEW 


The fundamental DI-3000 subroutine calls define primni- 
tive cbjects and images such as lines, polygons, moves toa 
new screen position, written text, and more. There are 
three classes of primitives: polylines, polygons, and text. 
Folyline primitives fcerm "open-ended" figures, while polygon 
primitives form "enclicsed" ones. Text primitives generate 
written character information. A more detailed description 
of primitives and their applications can be found in 
Chapters II, ftII, and IV. 

Every DI-3000 pregram must also consist of other subreu- 
tine calls necessary for these image primitives to be 
created, displayed, or terminated. For the programmer's 
purposes, this means that each program must have a certain 
Minimum sequence of commands for it to run successfully. 
Figure 1.3 is an example of a DI-3000 program harness that 
will display a picture if the image primitive calls are 
surrounded ty the ccumands listed. These commands area 
Binimum cf the calls a programmer can use, and provide a 
good reference for the beginning user. A full explanation 
cf each can be fcund in Chapter V. 


Ee PRIMITIVES AND CCHPOUND IMAGES 


To create, say, a polygon primitive we would calla 
DI-3000 Fortran subroutine, named JPOLGN, as follows: 
CALL J FOLGN (X,Y, N) 
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Notice the existence of subroutine parameters X,Y,N. These 
parameters mean the fcllowing: 

X - The X coordinate positions (real array) 

¥ ~- The Y coordinate positions (real array) 

N - Number of points defining a polygon (integer) 

Also, notice that subrcutine parameters are of varying 
types (real array and integer). In accordance with Fortran 
convention, this means parameters must be declared and 
dimensicned correctly at the beginning of your progran. 
Real, integer, and array parameters are discussed further in 
Faragraph G below. A complete description of the subroutine 
JPOLGN can be found in Chapter II. 

The degree of ccmplexity of an object being created 
determines the complexity of its primitive call. Objects 
such as polygons are many-sided, can have different interior 
and edge cclors, and different interior intensities. These 
characteristics of a primitive are examples of its attri- 
butes. Notice that we did not specify the attributes of the 
polygcn when we called JPOLGN above, therefore we would have 
no way of Knowing characteristics like what color polygon we 
would create or what the interior pattern would be. We must 


insure that these attributes are correctly defined. There 
exist, for this purpose, attribute subroutines that are 
normally invoked prior tc primitive subroutines. For 


example, to insure a solid interior pattern for all subse- 
guent polygons, we would inciude in our program the 
follcwing subroutine call: 

CALL JPINTR(1) 
This attribute subroutine and others that are commonly used 
are discussed in detail in Chapter III. 

Seldem is any image created that merely consists ofa 
Single primitive shape. Rather, most images are composites 
of several primitives that build upon each other to create 
the final desired picture. Most of the differences between 
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the way the DI-3000 system is supposed to work and the 
actual results obtainable in the War Lab are encountered 
when the programmer tries to create and display compound 
image segments. A discussion of the differences, their 
limitations, and ways to achieve desired outputs are 
described in Chapter VI. 


Fe ABSOLUTE AND RELATIVE COORDINATES 


CI-3000 subroutines create images for display at a 
defined location on an output device. Most primitive 
subroutine calls can create images based upon either abso- 
lute cr relative coordinate positions. When an image is to 
be created only once, use of either absolute or relative 
positioning is approfriate depending on the user's applica- 
tion and preference. But when multiple copies of an image 
are desired, it would be needlessly repetitive to redefine 
each prigitive image for each different position, therefore 
relative referenced primitives are used. Rather than using 
absolute coordinates the relative primitive creates an image 
at X,¥ pesitions relative to an imaginary, unseen marker on 
the screen. For example, to duplicate an image you would 
establish the marker, call the relative primitive, move the 
marker, call the relative primitive again, and repeat this 
sequence until all images were created. 

Primitives of aksolute and relative parameters can be 
distinguish2d from ¢ach other by their formats. Absolute 
primitives are of the form: 

JXXXXX (e.g. JPOLGN) 
while relative primitives are of the form: 

JRXXXX (e.g. JRPLGN) 
Almost every attribute and capability of both are identical, 
except fcr the coordinate position differences. 
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G. CONVENTIONS 


1. General 


Throughout this tutorial, Reference 1 terminology 
and fcrmat has been maintained so that the programmer can 
use Foth documents interchangably when creating Ramtek 
graphics images. Answers to questions regarding standard 
VAX Fortran conventicn can be found in Reference 2, located 
in the War Lab. 


isElay Coordinate Systems 





Ze 2 
All images are referenced to a world anda virtual 
coordinate systen. For our purposes, we will define the 


world cocrdinate system to be +£+10.0 units in the horizontal 
(X) direction, and +8.0 units in the vertical (Y) direction. 
Therefore, the program grid is a rectangular display area 
20.0 units wide by 16.0 units high. Except for maintaining 
the height-to-width ratio of a Ramtek GM859C monitor (.8 to 
a0), cur choice cf dimensions is completely arbitrary. 
Whenever a primitive image is defined in our program, it 
will te referenced te our 16.0 by 20.0 unit world coordinate 
Grid. 

We will also use the entire available Ramtek monitor 
screen surface. This virtual coordinate system relative to 
screen center will tea rectangular grid +1.0 unit wide by 
+#.8 units high. 

Cur DI~3000 program will "translate," or "map" our 
world coordinate picture onto the virtual coordinate screen 
by using the JWINDO command to specify world coordinate axis 


values, and the JVSPAC command for virtual. coordinate 
values. The use of these commands is described in Chapter 
i. 


ee 





aa See Sk aS ae —_— Sa SS ee eee 


Fach DI-3000 subroutine will be described in the 
secticn appropriate to the image type created. Each call 
will Fe briefly described as to function and result, and its 
parameters will then be listed and defined as to meaning and 
type. The correct specification for real number, integer, 
and array variables within a DI-3000 Fortran pregran 
follows: | 

Integer--A whole number (no decimal point) 

Real Number--A number with a decimal poinct. 

Array--A group of contiguous storage locaticns asso- 
Clated with a single symbolic name [Ref. 2]. It must be 
dimensioned at the beginning of the Fortran program, and it 
can be integer or real as declared. 

Integers and real numbers can also be variable names 


referencing integer and real numbers, respectively. 


4. Current Position 


(CP), a world coordinate point that determines a "Starting 
Epa ne. ' Unless otherwise specified, a descripticn of a 
primitive subroutine call will assume the return of the CP 
tomes pesition prior to the call. 

If the CP is placed outside the defined cocrdinate 
area, distorted images may result when a drawing attempt 
encounters a defining screen edge. In general, unless 
special effects are desired, it is best to insure all 


created images will "fit" on the screen. 


3. SBttributes 





Attributes associated with a primitive subroutine 
Gall will be listed Ly attribute class. Recall, primitives 


are classified as pclylines, polygons, or text and their 
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attrikutes are specified based upon these primitive types. 
System default settings (settings that are initialized if no 
attribute 1s specified) are also found in Chapter III. 
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PRCGRAM HARNESS EXAMPLE 
INTEGER MON 
INITIALIZE A RAMTEK MONITOR 


TYPE *, ‘ENTER THE MCNITOR NUMBER® 
ACCEPT *, MCN 


BEGIN MANDATORY INITIALIZATION CALLS 
CALL 


AAD 


Jee 5G, 1,M4ON) 

JD 1 

JD 1 

3¥ as 8,.8) 
aH -10.6, 10.0,-8.0,8.0) 


(INSERT Y 


PRIMEPTIVE GALLS HERE FOR 
IMAGE CRE N) 


UR 
TIO 


e* PmOere ee @ 


(ALSO, INSERT YCUR REQUIRED ATTRIBUTES 
BASEDOUPON ATTRIFUTE CLASS AS DESCRIBED 
tee CHAPTER ITI.) 


ALL PRIMITIVE CALLS INSERTED HERE ARE 
WITHIN OPEN RETAINED SEGMENT NUMBER 1. 


AANA AAQAQAQAQAAQAQNQAQANQAQAAAN 


AWS IN DEFAULT GREEN AND USES A 
T (NUMBER 1). 


ANAAQ 


ANQAAANA 
D> fe pe be Do De 
Miter 
Bt 


NN rd a i ee — Se ee 





Figure 1.3 Minimum Necessary DI-3000 Subroutine Calls. 


24 





A. GENERAL 


Primitive routines are used by the programmer to 
describe objects. Character-based objects (text) and 
graphics objects (non-text) are the two most common prini- 
tive types. They are distinguished not only by the images 
they create, but by how they are specified and used. This 
chapter describes non-text primitives. Chapter IV provides 
details to display text. 

As discussed in Chapter I, DI-3000 non-text primitives 
often define images in one of two ways. A figure can be 
defined uSing absolute world coordinate position values, or 
it can te expressed in world coordinate position values 
relative tc the current position (CP). First some elemen- 
tary primitive subrcutine calls will be described followed 
by examples that will illustrate the difference between 
absolute and relative expressions. 

All primitives will be created based upon the most 
recent attribute definitions. For example, if we specify 
line coler to be blue, then all lines, figures, and text 
will ke drawn in blue. If we wish to draw a blue line and 
then a red line, we must set the line color attribute to 
blue, draw the blue line, change the line color attribute to 
red, then draw the red line. 

Nen-text primitives and their attributes are grouped 
into two major classes: polyline and polygon. Their 
differences are described in Chapter III. 
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Be SOVING THE CURRENT POSITION (JMOVE/JRMOVE) 


1. Description 


JMOVE/JRMOVE are the subroutines used to move an 
invisible reference foint from the current position to a new 


current position. The commands establish a reference 
position. 


2. Use 


CALL JMOVE (X,Y) (Absolute) 
or 
CALL JRMOVE(DX,DY) (Relative) 


X,Y (Real) 
The world coordinate position that will become the 
new current position. 
DX,DY (Real) 
The amount cf displacement from the previous posi- 
tion to the new current position. 


4. Discussion Example 


If the current position is at world coordinate posi- 
tion (1.0,2.0), and we want to eéstablish a new CP at 
(3.0,7.0) we would use either of the following subroutine 
calls: 

CALL JMOVE (3.0,7.0) 
or 
CALL JRMOVE(2.0,5.0) 

Note that the relative call JRMOVE merely adds its 
parameter values to the current position. For example, 
1.04#2.0=3.0 and 2.0+5.0=7.0 results in the new X,Y world 
coordinates of (3.0,7.0). The absolute call JMOVE changes 
position directly to its parameter values. 
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Current position can be moved 
outside the specified viewport (for 
Y>8.0). This technique is often useful 


images such as "gradual" arcs of large 
tion will result when the created shape 


boundary. 


HO Myo eCoordi na tes 
X¥>10.0 
for creating unusual 
but 


reaches the viewport 


example, Or 


radius, distor- 


C. DRAWING A LINE (JDRAW/J RDRAW) 
1. Description 
JDRAW/JRDRAW are the subroutines used to draw a 
visitle line from the current position to anew current 
hesitcion. 
2. Use 
CALL JDRAW (X,Y) (Absolute) 
Or 
CALL JRDRAW(DX,DY) (Relative) 
3. Farameter Definition 
X,Y (Real) 
The world coordinate position that will become the 


hew current position. A line is drawn 


positicn to this new CP. 

DX, DY (Real) 
The amount of displacement from 
rositicn to the new current position. 


the old CP to this new CP. 
4. Required Attributes 


Polyline class. 


2/7 


from the old current 


the previous current 
A line is drawn fron 








5. Discussion Example 


If the current position is at world coordinate posi- 
tion (-1.0,-4.0) and we want to draw a line from there to 
new position (2.0,0.0), then to a third and final position 
(5.0,-2.0) we could use either of the following subroutine 
call sequences: 

CALL JDRAW(2.0,0.0) 
CALL JDRAW(5.0,-2.0) 
or 
CALL JRDRAW(3.0,4.0) 
CALL JRDRAW (3.0,-2.0) 

Any correct combination of absolute and relative 
calls could also have been used. For example: 

CALL JDRAW(2.0,0.0) 
CALL JRDRAW(3.0,-2.0) 

Figure 2.1 shows the picture that would result from 
any cf the above three call sequences. 

The attributes of the line would correspond to these 
attributes already established prior to invoking the 
JDRAW/JRIRAW primitives. 

Note that a color attribute must be specified by 
using the JCOLOR/JDCOLR routines as described in Chapter 
ae 

CP is changed to the final X,Y coordinate position 
cf the drawn line. 


D. DRAWING CONNECTED LINES (JPOLY/JRPOLY) 


1. Description 


JPOLY/JRPOLY are the subroutines used to draw a 
connected sequence of visible lines, known aS a polyline 
segment. 

Note: the sukroutines do not create polygons. 
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CALL JPOLY(X,Y,N) (Absolute) 
OF 
CALL JRFOLY (DX ,DY,N) (Relative) 


3. Parameter Definition 





xy (Real, Array) 

The arrays centain the absolute world coordinate 

fositions that define the points of the polyline. 
DX, DY (Real, Array) 

The arrays ccntain the relative amount of displace- 
ment freom tke previous polyline point to the next point that 
defines the polyline. 

N (Integer) 

The number of points in the polyline segment (not to 
include the first current position point). 

The above arrays must be dimensioned to at least the 
value of N. 


Folylines and polygons differ in that polygons are 
always enclosed figures. Polygons are also "filled" in 
color and will be described later in this chapter. 

Eclylines are created using a single JPOLY/JRPCLY 
Subroutine call rather than a sequence of JDRAW/JRDRAW calls 
as before. 

Once again we will create the image shown in Figure 
201, Outethis time cnly a Single subroutine will be needed. 
Notice, though, that now the defining polyline coordinate 


pairs are held in array variables. Also note that the 
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initial polyline position is defined as the current posi- 
tion, (-1.0,-4.0) again, and is not included in the array 
variable cocrdinate fairs. Either of the following subrou- 
tines will define the required connected line: 
CALL JPOLY(X,Y,2) 
where X and Y are both two element arrays with the 
following values: 
X (1) =2. 0 Y (1) =0.0 
X(2)=5.0 ¥(2) =-2.0 
Cr 
CALL JRFOLY (DX, DY, 2) 
where DX and DY are both two-element arrays with the 
follcwing values: 
DX (1) =3.0 DY (1) =4.0 
DX (2) =3.0 DY (2) =-2.0 
The above arrays must be dimensioned in the calling 
program in accordance with standard Fortran. For example: 
DIMENSICN X(2),Y (2) ,DX(2) ,DY (2) 
Or 
REAL X(2),Y¥(2),DX(2) , DY (2) 
The N variable is defined as the dimension of the 
X,Y or DX,DY arrays. Every sequence of lines consists of a 
beginning peint, a series of "breaking" points, and an end 
point. The beginning point is the current position and is 
not included in the array variables. All other coordinate 
fairs are included. 
CP is changed to the last X,¥ coordinate polyline 


poant . 
Ee. DRAWING AN ARC LINE (JAKC) 
1. Description 


JARC is the subroutine used to draw an arc of a 


circle. An arc line is drawn counterclockwise from one 
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ange DOSitions to amcther, with a specified radius, froita 
specified invisible circle center. 


2. Use 


CALL JARC (X,Y,0.0, RADIUS, NSEG, AO, Al) 


3. Parameter Definition 


Moos (Real) 
The world coordinate center of the circle from which 
the are is to be drawn. 
0.0 (The real number Zero) 
RADIUS (Real) 
The radius of the arc in world coordinates. 
NSEG (Integer) 

The number cf line segments to be used in drawing 
the arc. If NSEG<1 the arc will be smooth because the 
maximum number of segments possible will be used to draw 2 
smooth curve. Tf NSEG>=1 then the arc will be drawn with 
NSEG flat, straight lines. 

AQ,A1 (Real) 

The angles in degrees defining the span of the arc. 
Fositive angles are measured counterclockwise from the posi- 
tive X axis of the world coordinate system. Arc lines are 


drawn counterclockwise from angle AO to Al. 


4. Reguired Attributes 





Folyline class. 


5. Discussion Example 





The JARC and JSECTR subroutines are very similar, 
and care must be taken to avoid confusing then. JARC does 
not draw a filled wedge, but merely defines a section of 
circle edge (the outside arc). If a "pie shaped" wedge is 
desired, then the subroutine JSECTR is used. 
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If a 360 degree circle is desired, then parameters 
AO and Ail can be specified close enough together so that any 
space between them will not appear on the screen. Their 
values will be werld coordinate dependent. An easier way to 
create a circle is to use the JCIRCL subroutine and specify 
"no polygon fill" as described later in this chapter. 

Note that an arc should lie within the already 
defined wcrld coordinate window if it is to be drawn undis- 
torted. This means that very large, gradual arcs cannot be 
created simply by defining a center far away from the image 
(Yoff the screen"), Though the large arc will have the 
correct shape through its curvature, if it exceeds the world 
coordinate viewing area it will distort at the boundary 
edge. The technique of viewing transformation should be 
used to avoid this distortion, an explanation of which can 
be found in Chapter V. 


Fe DRAWING A POLYGON (JPOLGN/JRPLGN) 


JPOLGN/JRPLGN are the subroutines used to draw 
filled or unfilled pclygons. All defined points and the CP 
are ccnnected to form an enclosed figure. Taas 2S cecon-= 
plished by an "implicit" final draw from the last specified 
point in the polygon to the initial pclygon creation point 
(SP). The image can be filled with a color and pattern as 
described in Chapter III. 

Note that the subroutines can creat2 polylines if 
the "no fill" attribute is specified, but unlike polylines, 
polygons will always define an enclosed figure. 


2. Use 


CALL JECLGN(X,Y,N) (Absolute) 
ort 
CALL JRELGN (DX ,DY,N) (Relative) 
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Sie arameter Definition 


a eee SSS Sl US = eS SS 2S SD a 


MY (Real, Array) 

The arrays of world coordinate absolute positicns 

that define the foints of the folygon. 
DX,DY (Real, Array) 

The arrays cf displacement from the previous posi- 

tion to the points that define the polygon. 
N (Integer) 

The number of points in the polygon. The above 

arrays must be dimensioned by at least the value of N. 


4. Reguired Attributes 





A polygon is defined as a move from the current 
positicn to the first point (as specified by the array vari- 
ables X(1),Y(1) or DX(1),DY(1)), draws to the remaining 
array points, anda final implicit draw from the last point 
Back tc the first point. 

Assume we wish to draw the five sided polygon shown 
mr Frgure 2.2. Let current fposition be given initially as 
Giemadschuce world cccrdinate position (1.0,2.0). Either of 
the following subroutines will create the polygon. 

CALL J POLGN (X, Y,5) 

where X and Y are both five element arrays with the 
following values: 

X (1) =2.0 Y (1) =3.0 

K¥(2)=3.0 ¥(2)=4.0 

X (3) =5. 0 Y (3) =5.0 

X (4) =6. 0 Y (4) =3.0 

X (5) =4. 0 Y (5) =1.0 
On 

CALL JRPLGN (DX, DY,5) 


es 





where DX and DY are both five element arrays with 

the follcwing values: 
DX (1) =1. 0 DY (1) =1.0 
DX (2) =1. 0 DY (2) =1.0 
DX (3) =2. 0 DY (3) =1.0 
DX (4) =1. 0 DY (4) =-2.0 
DX(5)=-2.0 DY (5)=-2.0 

Notice that relative array values merely add to the 
previous position value to create a new coordinate position. 

When JPOLGN is finished, the current position (CP) 
is set to the value of X(1),Y(1), the first  polne, Gent 
JRPLGN returns the initial cp. 

Felygons can be convex or concave. Their defining 
points can create intersecting lines, but the created shape 
will not correctly “fill” in most of those cases. Polygons 
must have at least three points. 

Note that absolute polygon routines do not use the 
epeat all. They require X,Y array specification of all 
points. Pcelyline routines use the CP as their first pcint, 
and do net include it in their X,Y arrays. 


Gs. DRAWING A RECTANGLE (JRECT) 


1. Description 


= ab CGRP Cla = 


JRECT is the subroutine used to draw a horizontal/ 
vertical rectangular polygon. It is an easier subroutine to 
use than JPOLGN because only two X,Y position pair variables 
are required; the diagonally opposite corners of the 


rectangle. 
2. Use 


CALL JRECT (X0,Y0,X1,¥%1) 
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3% arameter Definition 


X0,Y0 (Real) 
One corner of the rectangle. 
X1,Y1 (Real) 
The diagonally opposite corner of the rectangle. 


4. Reguired Attributes 


Folygon class. 


mn 
e 
(2 
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JRECT is included in this text as an effort-saving 
Subroutine for creating horizontal/vertical rectangles. 
Note that the variables are not arrays, but merely values. 
Also, there 1s no counterpart subroutine with opposite 
corners defined relative +o the CP. If more than one iden- 
tical rectangle is required, the JRPLGN subroutine must be 
used. 


He. DRAWING A CIRCLE (JCIRCL) 


1. Description 


JCIRCL is tke subroutine used to draw a circular 
polygon. The created shape is connected to form an enclosed 
figure. The image can be filled with color and pattern. 
Outlined circles can be created if no fill is specified. 


2. Use 
CALL JCIRCL(X0 ,Y0,0.0, RADIUS, NSEG) 
3. Farameter Definition 


X0,Y0 (Real) 
The center position of the circle in world 


coordinates. 


25 








0.0 (The real number zero) 
RADIUS (Real) 
The radius of the circle. 
NSEG (Integer) 

The number of line segments to be used when drawing 
crs circle. If NSEG<3 a smooth edged circle will be 
created. Te NSEG>=3, the outer edge of the circle will be 
drawn with NSEG flat, straight lines. 


4. Reguired Attributes 


Fclygon class. 
5- Discussion Example 


Figure 2.3 shows examples of figures that can be 
created using the JCIRCL subroutine. The program segment 
shown in Figure 2.4 was used to create Figure 2.3. Notice 
that triangles, Squares, and any N-sided figure can be 
formed by altering the value of parameter NSEG. All images 
are oriented towards the X axis. For example, the first 
triangle tip lies on the axis at point (RADIUS,0O.). 

Alsec note that a smooth circle was formed by setting 
NSEG=1, and that all the examples were drawn using the same 
Sepcer peine and With the “no £111" attribute specified. 

For creation of circle portions, like "pie slices" 
SumamG2tculer polygon, refer to the JSECTR subroutine. POu 
simple partial are lines refer to the JARC subroutine. 


I. DRAWING A CIRCLE SECTION (JSECTR) 


1. Description 


JSECTR is the subroutine used to draw a section of a 


circular polygon. This shape is often used in the creation 
cf "pie charts", where part of a filled circle is needed. 
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CALL JSECTR(X0,Y0,0.0,RADIUS, NSEG,AO,A1) 


3. arameter Definition 


Sa amp ose a 





X0,YO0 (Real) 

The world coordinate center of the circle from which 

the section is to be drawn. 
0.0 (The real number zero) 
RADIUS (Real) 
The radius of the circle section. 
NSEG (Integer) 

The number of line segments to be used when drawing 
the outer arc porticn of the section. If NSEG<1 a smooth 
edge will tbe created. If NSEG>=1, the outer arc will be 
defined using NSEG flat, straight lines. 

AO,A1 (Real) 

The angles, in degrees, defining the span of the 
secticn. Positive angles are measured counterclockwise from 
the positive X axis of the world coordinate systen. 
Secticns are created counterclockwise from AO to Atl. 


4. Discussion Example 


For complete 360 degree circles refer to the JCIRCL 
subroutine. For simple unfilled are lines refer to the JARC 
subroutine. 

Figure 2.5 is an example of a circle section created 
by the fcllowing subroutine call: 

Gaul JSECTR (1.0,2.0,0.0,3.0,1,10.0,50.0) 
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Circle Creation Progran. 


Figure 2.4 
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IItT. ATTRIBUTES 


A. GENERAL 


Attributes define primitive image characteristics. 
Examples of attributes are "continuous" vs "dashed" lines, 
or even color itself. There are many different attributes 
possible, and they are all set using DI-3000 subroutine 
Cai lS. The specifications described in this chapter will 
primarily apply to non-text primitives, but in several 
instances beth text and non-text will share the same call. 


Text-cnly attributes are discussed in Chapter IV. 


Be. DEFAULT AND CURRENT ATTRIBUTE VALUES 


Each primitive attribute has one of two values, a 
default value and a current value. The default value is set 
automatically when DI-3000 is initialized (with the required 
JBEGIN subroutine), and remains in effect unless changed 
before the first program segment has been opened. 

A prcgram segment iS a program section and a graphics 
data structure. It contains a seguence of primitive calls 
that create a graphics sub-image of logically related 


objects, and is always used when creating images. Breaking 
down a ccmplex picture into program segments simplifies the 
creation precedure and aids understanding. It 1S required 
in all DI-3000 programs. A detailed discussion of 


segmenting can be found in Chapter VI, but for our purposes 
the fcllcwing brief example should suffice. 

Assume a programmer wishes to draw a green square in the 
upper right-hand portion of the screen, and a red semicircle 
in the center. One method for accomplishing this would be 
to create a segment for each primitive image. 
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Let segment number one be for a square, and segment 
number two for a semicircle. As discussed in Chapter II we 
would use the appropriate subroutine calls for these image 
primitives within each created segment. But, so far we have 
not explained how to specify different image colors using 
DI-3000 attributes. 

Cne method would be as follows. Set the default color 
to green, begin (open) the first segment, create and display 
the square, and end (close) the first segment. Then, change 
the default color to red, open the second segment, create 
and display the semicircle, and close the second segment. 
This method would not work because DI-3000 does not permit 
changing the default color once the first segment has been 
opened. Therefore, we would have to change the current 
attrikute color "within" the second segment to red. 

Any further segments would again be drawn in default 
color green, unless the current color attribute was changed 
within tken. A program excerpt that creates our example is 
shown in Figure 3.1 

Default values are usually set by the programmer to the 
most ccmmon image attribute. If a complex picture will be 
predominantly of one color, then that default color will be 
set. Only images of different colors will need to be speci- 
fied later using the current color attribute calls within 
segments. 

Most default attributes are automatically set to their 
most ccmmon values when a DI-3000 program is begun and ars 
usually not changed. These initial, automatic settings are 
listed in the description of each attribute call. 

Default and commcn attribute value subroutine calls can 
ke distinguished from each cther by their format. Default 
attributes are set using the form: 

JDXXXX @.g. JDCOLR) 
Current attribut? calls are of the form: 
J XXXXX (e.g- JCOLOR) 
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Current attribute values can be Changed as often as 


necessary within segments. 


C. POLYLINE AND POLYGON ATTRIBUTE CLASSES 


Non-text attributes apply to either polygon or polyline 
primitive images and are classified as such. As described 
in Chapter II, polygon images always result in the creation 
of an enclosed figure, while polyline images do not 
necessarily. 

Throughout this chapter, a detailed description of the 
polyline class will first be given, followed by the polygon 
class. Attribute characteristics ar2 listed by these two 
classes in the primitive. descriptions in Chapter II. 
Therefore, a programmer can first refer to the discussicn in 
Chapter II of the image to be created, then cross-reference 
to this chapter by attribute class for methods that will 
specify image characteristics. 


D. POLYLINE COLOR (JCOLOR/JDCOLR) 


1. escription 


JCCLOR/JDCOLR are the subroutines used to set the 


current/default polyline primitive color attribute. 
2. Use 


CALL JCOLOR(CVALUE) (Current) 
Of 
CALL JDCOLR(DVALUE) (Default) 


3. Parameter Definition 


CVALUE (Integer) 
The color index of subsequent primitives within the 
currently open segment. (0SCVALUES8) 
DVALUE (Integer) 
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The new value for the default color index. When a 


segment is opened, the color index is set to DVALUE. 
(OSDVALUES8) 


4. Applicability 


Applies to draws, polylines, polygon edges, and text 
primitives. 


5. Initializaticn Default Value 


DVALU E=0 (Background color) 


6. Discussion 


The following eight entries in the color lookup 
table are downloaded to the graphics processor by setting 
CVALUE/DVALUE to any cf the following integer values: 

-- Background (No color) 


0 

1 -- Red 

2 -~ Green 

3 -- Yellow 

4 -- Magenta (Dark Blue) 
5 -- Purple 

6 -- Cyan (Light Blue) 

7 -- White 

8 


-- Background complement (White also) 

JDCOLR at prcgram beginning or JCOLOR within each 
segment must be specified. If not, no image will appear, 
kecause JDCOLR initialization default value is 0 and prini- 
tives will be drawn in background color. 

The default entries in the color table are limited 
as described (at present). Ramtek is capable of creating 
many different colors (any hue, lightness, or saturation 
desired), but for simplicity in this tutorial a discussion 
cf how to accomplish this is not included. For further 
information, refer to the Reference 1 description of 
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subroutine JCOTBL (creating a Coler tables). 
(OSCVALUE/DVALUES32767) is the actual range of permissible 
values, but to utilize any value >8 your color table must 
first be defined. If this definition is not done, the 


colors called by values >8 will be unpredictable. 


Eo POLYLINE STYLE (JLSTYL/JDLSTY) 


1. 


It 


escription 


JLSTYL/JDLSTY are the subroutines used to set the 
current/default polyline primitive line style attribute. 
Lines can be continucus or a combination of varying lengths 
of "dotted" or “dashed" portions. 


Zz. Use 


CALL JLISTYL(C VALUE) (Current) 
ort 
CALL JDISTY(D VALUE) (Default) 


a arameter Definition 


CVALUE (Integer) 
The line style of subsequent primitives within the 
currently open segment. (QSCVALUES32767) 
DVALUE (Integer) 
The new value for the default line style. When a 
segment is opened, the line style is reset to DVALUE. 


(OSDVALUES3 2767) 
4. Applicability 


Applies to pclyline primitives only. Does not apply 


to pclygon edges, or any text. 
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DVALUE=0 (Solid line) 





The Ramtek provides a multitude of different line 
styles. As CVALUE/DVALUE values are increased the spacing 
between “dots" and "dashes" increases, as does their length 
and sequence. Every value that is a multiple of 8 will 
result in a solid line, with a new combination of styles to 
foliow. tis best to experiment with available values to 
find the exact desired line style, but in general a value of 
CVALUE/DVALUE=7 gives a good "dotted" line that is easily 
distinguishable from normal "solid" lines. . 


Fo. POLYLINE INTENSITY (JINTEN/JDINTE) 





1. Discussion 
JINTEN/JDINTE do not alter line intensity as 
described in Reference 1. To vary intensity, a color table 


must be created. 


G.- POLYLINE WIDTH (JLWIDE/JDLWID) 


1. Discussion 





JLWIDE/JDLWID do not alter line width as described 
in Reference 1. To vary line width, the JWINDO command must 
be used to "blow uf" or "shrink" image size by changing 
world ccordinate size. This technique is explained in 
Chapter V. 
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He POLYGON EDGE COLCR STYLE (JPEDGE/JDPEDG) 


1. Description 


JPEDGE/JDPEDG are the subroutines used to set the 
current/default polygon edge (border) color style. Edge 
color style is of two types: "same as" or “different than" 


polygon interior colcr. 


2. Use 
CALL JFEDGE(CVALUE) (Current) 
Ort 
CALL JCEEDG(DVALUE) (Default) 
3. Parameter Definition 





CVALUE (Integer) 
The polygon é€dge color style of subsequent polygcns 
within tke currently cpen segment. (OSCVALUES32767) 
DVALUE (Integer) | 
The new value for the default polygon edge color 
style. When a segment is opened, the edge style is res¢t to 
DVALUE. (O<DVALUES3 2767) 


4. Applicability 





DVALUE=0 (Border Visible) 


Folygons are drawn with their borders either of the 
same colcer as their interiors, or of different colors. Le 
the same color is specified, the border will be invisible. 
Tis no, the border will form an edge of different color 
around the polygon. 
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The following CVALUE/DVALUE values are used to 

specify edge style: 
| Cdd -- Invisible border. 
Even -- Border visible. 

The polygon edge takes on the characteristics of 
current color when visible. Therefore, polyline attribute 
JCOLCR/JDCOLR determines polygon edge color in the "Even" 
style. 


I. POLYGCN INTERIOR STYLE (JPINTR/JDPINT) 


1. Description 


JPINIR/JDPINT are the subroutines used to set the 
current/default polygon interior style attribute. iter Loc 
style is either "empty" (no fill, background color), or 
"filled" (using an interior color as specified by the 
JPIDEX/JDPIDX subroutine calls). 


2. Use 
CALL JPINTR(C VALUE) (Current) 
or 
CALL JDPINT(DVALUE) (Default) 
3. Farameter Definitions 


CVALUE (Integer) 
The polygon interior style of subsequent polygons 
within the currently open segment. (CVALUE= 0 or 1) 
DVALUE (Integer) 
The new value for the default polygon interior 
style. When a segment is opened, the interior style is 
reset to DVALUE. (DVALUE= QO or 1) 
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4. Applicability 


DVALUE=0 (No polygon £111) 


Fully connected lines can be created by specifying 
mae "no £i211" polygen attribute. . When polygon fill is 
desired, the color of the fill is determined by using the 
JPIDEX/JDPIDX subroutines as next described in this chapter. 
Note that JCOLCR/JDCOLR do not determine polygon interior 
color. 


J. FOLYGON INTERIOR COLOR (JPIDEX/JDPIDX) 


1. Description 


JPIDEX/JDPIDX are the subroutines used to set the 


current/default folygcn interior color. 


2. Use 


CALL JPIDEX (CCOLOR, 0) (Current) 


or 
CALL JDEIDX (DCOLOR, 0) (Default) 


3. Farameter Definitions 


CCOLOR (Integer) 
The polygon interior color of subsequent polygons 
within the currently cpen segment. (OSCCOLOR<8) 
DCOLOR (Integer) 
The new value for the default polygon interior 
COLOT. When a segment 1S opened, the interior colcr is 
reset to DCOLOR. (0 <DCOLOR <8) 
0 (Integer number zero) 


of 





Polygon interior style cannot be specified as 
described in Reference 1. Therefore, a "0" is used here as 
a placehclder only. All interiors can be "solid" filled or 
empty. Hatching 1s not supported. 


4. Applicability 


DCOLO k=0 (No interior color) 


EFclygon interior color applies only to polygons 
whose interiors have been specified as "filled" using the 
JPINTR/JCDPINT subroutines with value one. Interior color is 
not specified using the JCOLOR/JDCOLR subroutines. 

The following color index table is applicable to the 
Ramtek monitors by setting CCOLOR/DCOLOR to the integer 
values: 

-~- Background (No color) 
-- Red ] 
-~ Green 
-- Yellow 
Magenta (Dark Blue) 
-~- Purple 
-~- Cyan (Light Blue) 
~~ White 
8 -- Background complement (White also) 


Sn MN £& WwW NO = OO 
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Additional cclors may be specified by referring to 
the Reference 1 description of JCOTBL (creating a color 
table). (OSCCOLOR/DCOLORS 32767) 1s the actual range of 
permissitle values, but to utilize values >8 your color 
table must first be defined. If this definition is not 
done, the colors called by values >8 will be unpredictable. 
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is a complete program that draws a polygon 
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FCLYGON PROGRAM EXAMPLE 


Figure 3.2 
with red interior and yellow border. 
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Color Segment Progran. 
oo 


Figure 3.1 








C THIS PROGRAM WILL CREATE A FIVE-SIDED POLYGON AND 
C CISELAY IT WITH A RED INTERIOR AND YELLOW EDGE. 
C INITIALIZE THE PROGRAM. DECLARE VARIABLES, AND | 
C ASSIGN VALUES TC NECESSARY ARRAYS. 
INTEGER MON | 
REAL POSITX Ag aes 
DATA POSITX ~6.5,76/ 
P DATA POSITY 76. ,0 9-605 p50 pl ed/ | 
| C INITIALIZE THE RAMTEK MONITOR AND COMMENCE MANDATORY | 
| C DI-3000 INITIALIZATION SUBROUTINES. | 
TYPE *, "ENTER THE MONITOR NUMBER* 
ACCEPT’ *, MON 
CALL JBEGIN 
CALL JFILES (3, 1,MON) 
CALL JDINIT(1 
CALL JDEVON (1 
| CALL JDCOLR (3) !SET DEFAULT COLOR YELLOW FOR ALL 
{'POLYLINES AND THE POLYGON EDGE. | 
5 CALL JWINDO (-10.,10.,-8.,8-) | 
C OPEN SEGMENT ONE AND DRAW THE POLYGON. 
CALL JROPEN (1) | 
CALL JPIDEX(1,0) !SET INTERIOR COLOR TO RED. | 
CALL JPINTR 'FILL VICE NO-FILL. | 
CALL JPEDGE (2 ISET EDGE STYLE EVEN SO 
!'IT WILL BE VISIBLE AND WILL | 
‘DRAW USING JDCOLOR DEFAULT 
1COLOR YELLOW. 
| CALL JPOLGN(POSITX,POSITY,5) !CREATE AND DRAW | 
!'THE POLYGON. 
; CALL JRCLOS !CLOSE SEGMENT ONE. 
C . 
| C PAUSE THE PROGRAM SO THE IMAGE WILL REMAIN ON THE | 
| : SCREEN, THEN END THE PROGRAM. | 
Cc i { 
| CALL. JPAUSE (1) | 
CALL JEND 
END 
Cc ‘ 


Figure 3.2 Typical Polygon Creation Progran. 
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A. GENERAL 


Written text can be displayed on the Ramtek monitors. 
Subroutine calls exist that create these character prini- 
tives and ccntrol text attributes such as orientation, size, 
and type. 

DI-3000 supports four different levels of text preci- 
sion. © This tutorial will describe the highest level, known 
as graphic arts precision text. Each character in a graphic 
arts string is "stroke generated" by DI-3000 software, 
resulting in the highest possible quality of text, rather 
than using any hardware character generator. Learning how 
to create graphic arts text is no more difficult than 
learning hew to create the lower quality types because all 
text attributes apply universally. 

If a programmer is concerned with transmitting a 
graphics program over low bandwidth communications lines, 
then high quality text creation may be excessively slow. In 
this case, refer to Reference 1 for a description of lower 
level text using the JITEXT, J2TEXT, and J3TEXT commands. 

Text primitives are only defined at absolute positions. 
There are no corresponding relative subroutine primitive 
calls. 


Be TEXT ATTRIBUTES 


As with non-text attributes, text attributes have either 
default cr current values. Default values must be specified 
prior te the opening of the first segment, and current 
values can only be changed while a segment is open (within a 
segment). For a more detailed discussion refer to Chapter 
IIIf. 
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All text attributes apply only to text primitives. One 
non-text attribute applies to text: the polyline color 
command (JCOLOR/JDCCLR). A description of these color 
subroutine calls can be found in Chapter III. 

All text attributes have initialization default values. 
In all but cne case, these values are such that text attri- 
butes need not be Changed because legible, normal characters 
are output. Only the character size attribute 
(JSIZE/JDSIZE) must be specified. Without its nhodification, 
the text will be much too small to be readable since size is 
specified in terms of world coordinate window. The 16.0 by 
20.0 convention chosen for the examples in this tutorial 
makes this size change necessary. 


C. CREATING A CHARACTER STRING (JHTEXT) 
1. Description 


JHTEXT is the subroutine used to output a graphic 
arts quality text string. 


2. Use 
CALL JHTEXT(NCHARS,STRING) 


3. Parameter Definition 








NCHARS (Integer) 

The number cf characters in the text string. 
(O<=NCHARS<=255). 

STRING (Integer, Hcllerith Input String) 

The actual, literal character string to be output. 
For example, a STRING value of 18HTHIS IS AN EXAMPLE would 
output THIS IS AN EXAMPLE on the monitor screen. 

Note -- STRING must be an Integer type variable. If 
your program uses CHARACTER* variable types, they must be 
converted tc integer tefore using them as parameters in this 
JHTEXT subroutine call. 
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STRING can also contain "sentinel" characters as 
discussed below for changing to upper or lower case, under- 
lining, cr cther special functions. 
An example of the complete JHTEXT subroutine call 
that would cutput the letters THIS IS AN EXAMPLE follows: 
CALL JHTEXT(18,18HTHIS IS AN EXAMPLE) 


4. Required Attributes 


All text class attributes and the non-text polyline 
color attribute JCOLCE/JDCOLR apply. 


5. Discussion Example 


Characters are drawn in current polyline color as 
defined either by JCOLOR or JDCOLR. Refer to Chapter III 
for a description of these attributes. 

If increased space between, or overlap of, charac- 
ters is desired refer to the gap attribute (JGAP/JDGAP). 

Simple block letters are created with the initial 
default. If more artistic styles are desired, refer to the 
font attribute (JFONT/JDFONT). 

Initial character size will be too small to be 
legible using the nermal size attribute default and the 
window of 16.0 by 20.0 chosen for this tutorial. Therefore, 
the JSIZE or JDSIZE subroutines must be used prior to 
writing any text unless very small world coordinate window 
size is chcsen. 

Character string direction will be "left-to-right" 
unless specified differently by changing the path attribute 
(JPATH/JDPATH). Various angle orientations can also be 
specified by using the character base (JBASE/JDBASE) and 
character plane (JFLANE/JDPLAN) attributes discussed in 
Reference 1. 

Character justification will begin with the "lower- 


left-hand" corner of the string corresponding to the current 
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position (CP) 


can be made by changing the 


All text primitive 


on the screen. 


Any changes to justification 
(JJUST/JDJUST) attributes. 
subroutine calls return CP to its 


initial fosition when the call completes. 


Sentinel characters are allowed within the STRING 
parameter to specify different functions. All sentinel 
character functions are prefaced by the start command (open 
bracket, ‘'f{') and terminated by the end command (closed 
bracket, '}'). The sentinel character functions are: 

(BSUF] -- Begin superscript . 
{ESUF] -- End superscript 
{BSUB} -- Begin subscript 
(ESOB] -- End subscript 
( BUC] -- Begin uppercase 
{ EUC] -- End uppercase 
(BiCc] -- Begin lowercase 
[ELC] -- End lowercase 
( BUND] -- Begin underline 
(EUND J] -- End underline 
{ FONT=nj] -- Change to font number ‘n'! 
Figure 4.1 shows examples of sentinels and their 
resulting outputs. 
D. CHARACTER SIZE (JSIZE/J DSIZE) 
1. Description 
JSIZE/JDSIZE are the subroutines that set the 


current/default text 


CALL JSIZE(CXSIZE,CYSIZE) 


CALL JDSTZE(DXSI ZE, DYSIZE) 


primitive character size. 


(Current) 
or 
(Default) 
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CrseZE,CISIZe (Real) 
The size of a character within the currently open 
segment. 
DXSIZE,DYSIZE (Real) 
The new value for the default size of a character. 
When a segment is cpened, character size is reset to 
DXSIZE,DYSIZE. 
CXSIZE/DXSIZE are widths (in the X-axis directicn) 
and CYSIZE/DYSIZE are heights (in the Y-axis direction). 
They are expressed as world coordinate values. 


GW. Initializaticn Default Value 


DXSIZE/DYSIZE = 0.02 
5- Discussion 


JSIZE/IJIDSIZE parameters are expressed as world coor- 
dinates. Therefore, since JWINDO specifies the world coor- 
dinate grid there i¢ a direct relationship between window 
and character size. Both dimensions will be defined in 
terms of the same units. Polyline and polygon primitives 
also use these world coordinate units. 


Ee CHARACTER SPACING (JGAP/JDGAP) 


1. Description 


JGAE/JDGAP are the subroutines that set the 


current/default text spacing (gap) between characters. 
2. Use 


CALL JGAP (CV ALUE) (Current) 
or 
CALL JDGAP(DVALUE) (D2fault) 
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3. arameter Definitions 





CVALUE (Real) 
The spacing ktetween characters within the currently 
open segment. (CVALUE > -1.0) 
DVALUE (Real) 
The new value for the default spacing between char- 
acters. When asegment is opened, spacing is reset to 
DVALUE. (DVALUE > -1.0) 


4. Initialization Default Value 


DVALUE = 0.0 (Normal spacing) 


5. Discussion 


The spacing between characters is defined as a 
multiple of character width. Therefore, if CVALUE/DVALUE = 
1.0 there will be a space between each character box equiva- 
lent to the width of a normal character (for example, an 
'N'). 

Notice that when CVALUE/DVALUE = 0.0 there is still 
some space between characters. This is because each char- 
acter is surrounded Ey a character box that contains ncersal 
gad space so that text does not "run together." 

Text can be made to partially or completely overlap 
by setting CVALUE/DVALUE < -.25. CVALUE/DVALUE = -.25 makes 
the characters "touch" each other, and CVALUE/DVALUE = -1.0 


superimpeses all characters onto a single location. 
Fe CHARACTER STRING DIRECTION (JPATH/JDPATH) 
1. Description 


JPATH/JDPATH are the subroutines that set the 
current/default text primitive character direction (path). 
Normal direction is "left-to-right." 
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CALL JPATH(CVALUE) (Current) 
orf 
CALL JCEATH(DVALUE) (Default) 


3. Parameter Definition 





CVALUE (Integer) 
The directicn of a character string within the 
currently open segment. (CVALUE=1 thru 4) 
DVALUE (Integer) 
The new default value for character string diréc- 
ETON « When a segment is opened, direction is reset to 
DVALUE. (DVALUE=1 thru 34) 


4. Initializaticn Default Value 





DVALUE=1 (left-to-right) 


5S. Discussio 





Character strings can be generated in four different 
directions using the JPATH/JDPATH subroutines by setting 
their parameters to the following values: 

1 -- left-tc-right (character path right) 
2 -- top-to-bottom (path down) 

3 -- right-tce-left (character path left) 
H -= bottom-to-top (path up) 

Values 3 and 4 will result in inverted characters 
unless used in conjunction with base and plane manipulation 
as discussed in Reference 1. Normal directions can be 
generated using values 1 or 2. 

Figure 4.2 is an example of the four possible path 
settings. 
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Ge CHARACTER STRING JUSTIFICATION (JJUST/JDJUST) 
1. Description 


JJUST/JDJUST are the subroutines that set the 
current/default text primitive character string justifica- 
tion. The justification point is the starting position of a 
character string. It lies "within" the string (for example, 
the "lower-left-hand corner," or the "“center" of the 
string). Figure 4.3 shows examples of string justification. 


Zz. Use 


CALL JJUST(CHORIZ,CVERT) (Current) 
Ort 
CALL JDJUST(DHORIZ,DVERT) (Default) 


3. Parameter Definition 





CHCRIZ/CV ERT (Integer) 

The horizontal/vertical justification of a character 
string within a currently open segment. (CHORIZ,CVERT=1,2, 
Of 3) 

DHCRIZ/DVERT (Integer) 

The new default value for the horizontal/vertical 
character string justification. When a segment is opened, 
suse i tf icaticn is reset to DHORIZ and DVERT. 
(DHORIZ, DVERT=1, 2, or 3) 


q, hitializaticn Default Value 


DHORIZ,DVERT=1 (bottom left) 


Character string justification values are defined as 


follows: 
CHORIZ/DHORIZ CVERT/DVERT 
1 -- left 1 -- bottom 
2 == center 2 -- center 
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3 -~ right 3 ~- top 
The justification point refers to the positicn indi- 
cation "dot" shown cn the examples in Figure 4.3. When a 
text primitive string is created, this point is overlaid 
(mapped) onto current screen position (CP), thus providing 
for nine different crientaticns. 


H. CHARACTER STYLE (JFONT/JDFONT) 


1. Description 


ean oS at aa ae = 


JFONT/JDFONT are the subroutines that set the 
current/default character style (font). 


2. Use 


= = 


CALL JFONT(C VALUE) (CuErLeCut) 
Cr 
CALL JDFONT(D VALUE) (Default) 


3. Earameter Definition 


CVALUE (Integer) 
The style type of a character string within a 
currently open segment. (1<=CVALUE<=12) 
CDVALUE (Integer) 
The new default value for character style type. 
When a segment is orened, style type is reset to DVALUE. 
(1<=DVALUE<=12) 


4. Initialization Default Value 





DVALUE=1 (Simplex block) 


There are six different character style fonts avail- 
able. Each can be cenerated in block or italics (right- 


slanted) orientation. The following CVALUE/DVALUE values 
are used to specify style: 





1 -~ simplex block 

Z -—- SifiplexzPitalics 
3 -- duplex block 

uy -- duplex teal es 
5 ~~ complex block 

6 -~ complex italics 


10 
11 
12 


Cie plete lic Kk 
Toe plex boalics 
Greek block 
Greek italics 
SGEIDC DLoOck 
SCrape. tea Lcs 


Figure 4.4 gives examples of the six basic character 


style fonts. 
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Figure 4.2 
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Character String Direction Path Example. 
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A. GENERAL 


Figure 1.1 is an example of the minimum set of subrou- 
tine calls necessary to run any DI-3000 graphics progran. 
The program harness is not meant to be an exhaustive list of 
all pessible control commands, but it does provide for all 
basic initialization, primitive creation, primitive visi- 
bility, and termination requirements. 

The remainder of this chapter will describe the commands 
listed and alternative subroutine calls if they apply. Scme 
terminclogy already defined will be used. 


Be. INITIALIZATION (JEEGIN) 
1. Description 


JBEGIN is the subroutine call used to begin the 
DI~3000 graphics portion of an application program. It sets 
all default parameter and attribute values to their initial- 
1zation state. 
2. Use 


CALL JEEGIN (NO parameters) 


3. Discussion 





Any Fortran statements in the application program 
may precede or follow the JBEGIN call if they adhere to the 
standard, required crder of Fortran statements and lines as 
described in Reference 2. But, JBEGIN must be the first 
DI-3000 statement. It begins the application program 
graphics section. 
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JBEGIN does not specify an output devices. The 
JFILES, JDINIT, and JDEVON commands are used after JBEGIN to 
define, initialize, and select the Ramtek monitor pair to be 
used for display. 


C. SELECTING AND OPERATING RAMTEK MONITORS 


1. Discussion 


The war lab has three graphics processors and two 
Ramtek menitors for eéach processor. Before trying to use 
one of the available units the programmer must verify that 


at least one monitor fair is not already in use. There are 
three pairs currently accessible. Figure 1.1 prevides a 
typical monitor configuration. Each monitor can be identi- 


fied as belcnging to monitor pair 1, 2, or 3 by the label 
beneath the screen. If you try to access a pair in use your 
Program will run-terginate with an error. 

A program could be written that would only access a 
Single mcnitor pair, but this would limit the user. To make 
all programs able to use all monitors, the following two 
Fortran statements are included in the Figure 1.3 program 
harness and must precede the JBEGIN call in any application 
progran: 

TYPE *, ‘ENTER THE MONITOR NUMBER* 
ACCEPT ’*, ON 

Fortran programmers may be unfamiliar with these 
statements because they are VAX-11 Fortran extensions to the 
Fortran-77 standard. TYPE merely queries the user at the 
terminal (interactively during program run) as to which 
monitor fair is intended for use. ACCEPT inputs the monitor 
number and stores it inan integer variable location named 
MON for later use in the JFILES subroutine call. 

Roth screens of a monitor pair do not need to be 
energized unless you wish to display two identical pictures 
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Simultaneously. Befcre running your program, insure that 
the two Ramtek front panel toggle switches are in the "up" 
positions and that tke brightness knob is turned fully coun- 
terclockwise. There is a one minute warm-up time required 
if the screens were previously deenergized. 


D. DEFINING MONITOR UNIT PAIR NUMBER (JFILES) 
1. Description 


JFILES is the subroutine call that determines which 


Ramtek mcnitor pair will display the graphics image. 


2. Use 





CODE (Integer) 

A cede that indicates which DI-3000 internal file 
will be cverridden. Normally CODE=3. If graphics input is 
to be done using the input tablets, CODE=4 is required. 

1 (Integer number one) 

Required because of current file specification as 

implemented on the VAX operating system in the War Lab. 
MONNUM (Integer) 

The monitor fair number to be used to display the 

application program graphics picture. (MONNUM= 1,2, or 3) 


4, Discussion 


MCNNUM can be any variabie name used by the applica- 
tion program to indicate monitor pair number. Tf the 
program harness of Figure 1.3 is used, then MONNUM must be 
the variable named MCN: 

CALL JFILES (3,1,MON) 
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If auser knows that acertain screen pair will 
always be used, an integer value of 1, 2, or 3 can instead 
be used as MONNUM value. For example, if screen pair 2 were 
always tc be used the following statement would apply: 

CALL JFILES (3, 1, 2) 


Ee INITIALIZATION AND SELECTION (JDINIT/JDEVON) 


1. Description 


JDINIT and JLDEVON are the subroutine calls that 
initialize and then select, respectively, display devices. 
They must be included in the mandatory sequence of DI-3000 
Subroutine calls. 


2. Use 


CALL JCDINIT(MON) (Must be in this order) 
CALL JDEVON (MON) 


Definition 





MON (Integer) 
The current version of DI-3000 assigns device number 
one to all Ramtek display monitors. This number must be 
used as the parameter value of both subroutine calls 


(MON=1) . 
4. Discussion 


JDINIT (MON) and JDEVON(MON) must precede any default 


attribute declaration subroutines or any segments. 
Fe. SPECIFYING COLOR 
1. Discussion 


A color must be specified if any polylines or text 


are to be visible. Either the JDCOLR subroutine prior to 
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opening the first segment, or the JCOLOR subroutine within 
each segment can be used. 

If polygons are to be created, use the polygon color 
attributes JPIDEX/JDEIDX in conjunction with the interior 
style attributes JPINTR/JDPINT. 

In general, for the beginning user it is a safe 
practice to always specify a polyline default color pricr to 
opening the first segment. This is done in the Figure 1.3 
program harness example with the JDCOLR(2) subroutine call. 
Since color value 2 is used, polylines and text would be 
drawn in green. 


G. DEFINING COORDINATE ASPECT RATIO (JVSPAC) 
1. Description 


JVSEAC is the subroutine call that defines the 


actual Ramtek monitor Screen area to be used. 


2. Use 


CALL dVSPAC (-1.0,1.0,-.3,.8) 


Real number parameters -1.0, 1.0, -.8, and .8 should 
be used where indicated if the maximum screen area available 
is to be utilized. Ramtek GM859C color monitors havea 
defined virtual coordinate display area +1.0 unit wide by 
+.8 units high, referenced to an invisible screen center 
point at (0.,0.). Cther values would not fully utilize the 
avallable screen surface. 

Pertions of the screen can be used by varying JVSPAC 
parameters. The height-to-width ratio (.8) must be iden- 
tical for these parameters and the JWINDO parameters if no 
distcrtion is to occur during the "mapping" of worid coordi- 
Mate picture onto virtual coordinate space. 
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For a further description of JVSPAC, see Reference 


H. DEFINING WORLD COORDINATE WINDOW (JWINDO) 
1. Description 


JWINDO is the subroutine call that defines the world 
coordinate systen. All text and imag? points in a program 
are referenced to this grid. 


2. Use 
CALL JWINDO(XMIN,XMAX,YMIN,YMAX) 
3. Parameter Definition 





XMIN, X MAX (Real) 
The minimum and maximum world coordinate boundaries 
in the horizontal (X-axis) direction. 
YMIN,Y MAX (Real) 
The minimum and maximum world coordinate boundaries 
in the vertical (Y-axis) direction. 


4G. Discussion 





The world cocrdinate system of this tutorial is an 
area 16.0 units high by 20.0 units across, chosen arbi- 
trarily. The following command specifies this system: 

CALL JWINDO(-10.0,10.0,-8.0,8.0) 

Any real values could have been selected, but they 
would have +o match the .8 height-to-width ratio, specified 
by the JVSPAC subroutine call, for no distortion to cccur. 

JWINDO can be used to "blow up" or "shrink" images 
merely by changing its parameter values. For example, if a 
user wants to double the size of an image, then the JWINDO 
parameters should be halved. This is analagous to an object 
existing in some world system, then finding itself ina 
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world half the previous size. The object's size would seen 
to have doubled. 

Distortions can also be created by changing height- 
to-width ratios to values other than .8. 

JWINDO cannot be called while a segment is open. 


I. SEGMENT REQUIREMENTS 


1. Discussion 


The JROPEN(1) and JRCLOS statements in Figure 1.3 
kegin and end a retained program segment. All images must 
be created within a segment. For images that can all appear 
On the screen at once, the program harness seqment state- 
ments given will be adequate. Segments, and their visi- 
bility, are discussed in detail in Chapter VI. 


J. ENDING A GRAPHICS PROGRAM (JEND/END) 


1. Description 


JEND is the subroutine call that terminates the 


DI-3000 graphics portion of an application progran. 


2- Use 


CALL JEND (No parameters) 


3. Discussion 


ES ae SE ee ee ee ee 


JEND must be the last DI-3000 statement in an appli- 
caticn program. Any Fortran statements may precede or 
follow JEND if they adhere to the standard required order of 
Fortran statements and lines as discussed in Reference 2. 

JEND insures that the Ramtek monitors previously 
initialized and selected are de-selected and terminated. 

The END command in Figure 1.3 is a standard Fortran 
statement, and must be the last statement of any application 
program. | 
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A. GENERAL 


In addition to defining the shape and position of a 
primitive, a user can control when a DI-3000 picture will be 
displayed during program run. Also, Simple images can he 
combined to create ccmplex figures, and any combinaticn of 
statements can be grcuped together to form a program segment 
that can be made visible or invisible as a unit. 

Normal execution of an application program will cause 
the DI-3000 graphics image to appear on the selected monitor 
pair, but the picture will clear immediately when the job 
ends. A descripticn of how to "pause" a program so a 
display can be held for extended viewing is included. 

This chapter explains how to control these functions, 
and discusses some image overlay limitations associated with 
the War Lab graphics system as configured. 


Be SEGMENTS 


A segment defines part of a whole picture of logically 
related cbjects (a graphics data structure). A complete 
graphics image normally consists of a sequence of segments. 

Each segment is a series of DI-3000 primitive and 
current attribute calls. Every statement that creates a 
primitive must be contained within a segment. Only default 
attribute and initialization subroutines can exist outside 
this data structure. 

An entire image creation sequence can be ccntained 
within a Single segment, but multiple segments are often 
used to partition a program into more easily understandable 


parts. This technique also aids in error diagnosis. 
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There are two segment types: temporary and retained. 
Temporary segments are only displayed once. If they are 
ever cleared from the screen they cannot be restored. 
Retained segments are "named" segments that can be made 
visible and invisible as often as desired. In general, the 
retained segment offers the programmer more control over the 
picture and is the recommended type. A retained segment is 
used in the example frogram harness of Figure 1.3 in Chapter 
iv 

When any segment is opened, the current position (CP) is 
set te zero (0.,0.) and all attributes are reset to their 
default values. 


Cw. IMAGE OVERLAY LIMITATIONS 


The War Lab graphics system utilizes certain conventions 
that can be limiting if compound images are desired. For 
example, if two or more primitives occupy the same pixel 
positicn on a screen the resultant image color will bea 
blend of the individual colors. This problem is not easily 
overcome, but sometimes can be corrected as follows. After 
drawing the second image over all or part of the first, the 
original image is’ made invisible by using the JVISBL 
command. When this is done, only the overlaid portion of 
the first image will disappear. A complete display of true 
color will result fcr both, but this technique can become 
very ccmplicated for multiple images. 

A second method involves accessing the Ramtek pixel data 
and conducting a bit-plane-erase as described in Reference 1 
under Escape Functicns. Toying to Slack out" color by 
drawing with background color "0" does not work because you 
will actually be drawing with "nothing." 

Pelygon interiors are filled with color until they 
encounter a border, but this does not have to be the 
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polygen's own border. If another polygon edge is encoun- 
tered during the fill of an overlaying polygon, the fill 
will often stop. Again, uSing the JVISBL command to make 
the original, overlaid polygon invisible will often correct 
this problem because the limiting border will be removed. 

When polygons are created, their defining points can 
cause their edge lines to intersect if the point sequence is 
incorrectly specified. This intersection will actually 
create more than one felygon. When color fill is attempted 
it will stop at the first intersection point rather than 
completing the intericr color of the whole shape. Defining 
the shapes as multiple polygons corrects this problen. 


D. CREATING A TEMPORARY SEGMENT (JOPEN/JCLOS £) 


1. iscussion 





JOPEN/JCLOSE are the subroutine calls that begin/end 


a temporary segment. 


2 


cS 


se 


CALL JOPEN 
(sequence of DI-3000 subroutine calls) 
CALL JCLOSE 


es iscussion 


Temporary segments exist only once. Refer to 
JROPEN/JRCLCS for a discussion of retained segments. 

Refer to Section B of this chapter for a description 
of segments in general. 
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E. CREATING A RETAINED SEGMENT (JROPEN/JRCLOS) 


1. Description 


JROFEN/JRCLOS are the subroutine calls that 
kegin/end a retained segment. 


Zé Ss 


Ic 


CALL JROPEN (NAME) 
(Sequence of DI-3000 subroutine calls) 
CALL JRCLOS 
3. Farameter Definition 


NAME (Integer) 


The name of the retained segment to be opened. 
(1SNAMES320 00) 


4. Discussion 





Retained segments can be made visible or invisible 
using the JVISBL/JDVSEL subroutine calls. 

All retained segments can be cleared from the screen 
using the JFRAME and JVISBL subroutine calls together. 

Retained segments can be erased from memory using 
the JCLEAR subroutine call. 

Refer to Section B of this chapter for a description 
cf segments in general. 

Note -- JRCLCS does not require the name of the 
retained segment as a parameter. 


Fo. MAKING SEGMENTS VISIBLE (JVISBL/JDVISB) 
1. Description 


JVISBL/JDVISE are the subroutines that determine the 


visiltility/default visibility of retained segments. 


no 





2 Use 


CALL JVISEL(NAME , VISFLG) (Immediate) 
orf 
CALL JDVISB(VISFLG) (Default) 


3. Farameter Definitions 





NAME (Integer) 
The name of the retained segment whose visibility 
attribute will be changed. 
VISFLG (Integer) 
An integer value that controls the visibility of 
retained segments. (VISFLG=0 or 1) 
Default value is one (visible). 


4. Discussion 





The follcewing VISFLG values apply: 
0 -- Retained segment invisible 
1 -- Retained segment visible 
JVISBL is used to remove or restore the image of a 
retained segment onto the screen. | 
JDVISB sets the default visibility of all retained 
segments. 
Note -- Neither subroutines can be called withina 


Segment (JVISBL is not a current subroutine call). 


Both JVISBL and JDVISB can make segments visible and 
invisible. 
Ge CLEARING THE SCREEN (JFRAME) 
1. Description 


JFRAME is the subroutine used to clear ‘the monitor 
screen in preparaticn for a new drawing area within a 
program. 
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CALL JFRAME (No parameters) 


3. Discussio 





JFRAME will cause all temporary segments to be 
removed from the screen. All retained segments will be 
removed, then will be redrawn based upon their visibility 
attribute as specified by JVISBL/JDVISB. 

JCLEAR will not only remove all retained segments 
from the screen, but will erase them from memory as well. 
After using JCLEAR a retained segment cannot be displayed 
again. Reference 1 contains a detailed descripticn of 
JCLEAR. 


He. PAUSING A PROGRAB (JPAUSE) 


1. Description 


JPAUSE is the subroutine used to pause a graphics 


Frogram during execution. 


2. 


cS 


Se 


CALL JPAUSE(1) 


3. Parameter Definition 





1 (Integer number one) 


Required by cperating system device assignment. 


ya 
® 
tc 


iscussion 








The JPAUSE statement can be inserted anywhere ina 
DI-~3000 program, after JDINIT and before JEND. It is used 
to hold the image on the screen for extended viewing. 

A request message will appear on the VT-100/2 screen 
during the pause. Depressing the return key on the terminal 
will cause the program to continue. 
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Every application program should include at least 
cne JPAUSE statement after all segments have been created. 
If the program is not “paused” during execution, fe wal 1 
immediately exit at srun-completion and the screen will 
clear. 
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VII. CONCLUSION 


Ae. ADDITIONAL CAPABILITIES 


This tutorial has only described the basic grarfhics 
features available in the War Lab. A brief discussion of 
additional capabilities follows. Detailed explanations can 
bre found in Reference 1. 

Graphics input can be read by using the logical input 
functions and the input tablet hardware. The functions 
reguest input from the operator and pass the values to the 
calling frogran. The Chart and Sketch Program, written by 
CAPT Tschudy and available to users in the War Lab, makes 
extensive use of DI-3000 input subroutines for interactive 
query and sélective display. 

Scaling can be dcne that results in distorted images or 
varied image sizes. All previous examples have been two- 

imensicnal (2D) pictures, but the ability to create three- 

dimensional (3D) objects exists. The 2D or 3D images can be 
rotated thrcughout all possible configurations, and can be 
viewed from any translaticn point in space by using 
different modeling transformations. 

Each error generated in DI-3000 is assigned a "severity 
level," anda “"“threshold" error level can be set that will 
either terminate or allow a program to continue. This 
selective error processing feature is particularly helpful 
during program development and debugging. 

System inquiries can be made that pass current values, 
default values, modes, and status information back to the 
application program. This capability is useful in interac- 
tive programs that rely on dynamic parameters. 
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Calling programs can “escape'"' to the Ramtek hardware 
itself for control of device-dependent routines. These 
escape functions often complete processes more quickly by 
uSing hardware routines rather than DI-3000 software. The 
immediate display of all screen "pixel" data, rather thana 
slow software update, is anexample of a typical escape 
PuneCt ion. 


Be. HELP FEATURE 


The operating system provides users with a DI-3000 


"help" feature. Printouts that discuss common graphics 
problems, and solutions to typical difficulties, are 
displayed on the terminal screens. To access the "help" 


library, after log-in type: 
HELP DI3000 
A menu will appear with topic subsections that can then 
be specified by typing the given topic name. 
In general, "help" listings are designed to aid mcre 
experienced users. 


C. SAMPLE FROGRAMS 


Sample programs exist that can be used t0O compare 
displayed images to the Fortran listings that create then. 
Users can output the listings to their terminal screens or 
to the printer in the War Lab machine froon. The graphics 
images will appear cn a monitor pair that is selected in 
response to an interactive query during program run. 

To run a demonstration program, after normal user log-in 
type the following ccmmand: 

RUNDEMC (Sample Program Number) 
For example, if sample program number 2 is to be fun and 
displayed on a monitor, the following complete command is 
typed and entered with a <CR> (carriage return): 
RUNDEMO 2 
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A reguest fcr mcnitor number will then appear on the 
terminal screen. After typing the desired monitor number 
and entering it, tke demonstration program will run and 
display the image. The Ramtek monitor you choose must be 
energized and cannot already be in use. 

There are several ways to exit, or end the programs. 
Most require a <CR> reSponse to a pause message, but demon- 
stration programs 21-25 contain FORTRAN PAUSE commands that 
require the following entry: | 

C <CR> 

All programs can be terminated at any time by typing 
<CTRL> and Y Simultaneously. 

To cause the Fortran program listing to appear on the 
terminal screen, type the following: 

TYPEDEMO (Sample Program Number) 
To stop the screen frem "scrolling" past the program portion 
you wish to view, depress the <NO SCROLL> key. 

To print a hard copy of the Fortran listing, type the 
following: 

PRINTDEMO (Sample Program Number) 

Sceme of the sample programs correspond to figures in 
this tutorial, and are indicated as such in the following 
Sample program index: 

DEMO NUMBER DESCRIPTION 
Absolute square 


ah 


4 Relative squares 

Successful polygon overlay 
Absolute broken line (Figure 2.1) 
Relative broken line (Figure 2.1) 
Arce line 

Distorted are (center off screen) 
Pelygon (Figure 2.2) 

Rectangle 

Filled circle 


=~ OC WoO WIN WM F&F WW A 


—_ aa 


Circles (Figure 2. 3) 
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12 Circle section (Figure 2.5) 


Ve) Text, default attributes 

14 Text, large letters 

15 Text and polygon, normal size 
16 Text, different font 

17 Text, vertical path 

18 Text, wide gap 

19 Text, overlap gap 

20 Text, base and plane change 
21 Text, italics 

22 Sine waves plot 

23 Text, base line 

24 | Text, transformations 

Z5 Interactive Input 


1. Suggested Thesis Topics 


A student with a desire to work with the graphics 
system could contribute to War Lab system capability. 
Polygon overlay and 3D transformation features could be nore 
thoroughly investigated. 

An extensive color table needs to be created. Scme 
type of interactive method for users to select desired 
colors cculd be developed. 

This tutorial could be made into an interactive 
Frogram, and further documentation of the advertised DI-3000 
capabilities that are not applicable to the War Lab system 
could be generated. 


86 





LIST OF REFERENCES 


de, Precision Visuals, rac. , 
902 « 


VAX-11 FORTRA quage Reference Manual, Digital 
Equipment Corp., a aeae MA, April 1982. 


87 





INITIAL DISTRIBUTION LIST 


No. Copies 


Defense Technical Information Center 2 
Cameron Station .. 
Alexandria, Virginia 22314 


Superintendent 2 
Naval Postgraduate School 

ATTN: Code 0142 

Monterey, Califcrnia 93943 


Prof. M. K. Sovereign, Code 74 1 
Chairman, C3 Academic Group 
Naval Postgraduate School _— 
Monterey, Califcrnia 93943 


CDR G. R. Porter, Code 741 10 
Director, C2 War Lab 

Naval Postgraduate School 

Monterey, Califcrnia 93943 


Dees eecaea, Code 742i . 5 
Technical Director, C2 War Lab 

Naval Postgraduate School 

Monterey, Califcrnia 93943 


Jcint C3 Curricular Office, Code 39 1 
Naval Postgraduate School 
Monterey, Califernia 93943 


MAJ H. W. Yellen, USA 2 
Center for War Gaming 

Uiaros ae War Ccllege 

Carlisle Barracks, Pennsylvania 17013 


Naval Ocean Systems Center 1 
ATTN: Code 8302 

2/1 Catalina Blvd. . 

Sane vaedo, California 95152 


LT Ronald H. Elmlinger, USN 3 


230 Betz Road 
Columbus, Ohio 43207 


88 

















ee 
Thesis 
E4252 Elmlinger 
onl iecutorial for the 


RAMTEK 9460 raster gra- 
phics system and the 
DI-3000 graphics pack- 
age. 































































































































































































sl oJ ‘ 
- Ls * = e a 
_ -. o 
a zs 7 : a 
= a a a 4 ad 
B 7 
- od * C ° =f e - - 
? Ld a 
/ - 5 . - a « — > 
= - - 
e ) a my 
. ry od « e P 
- e a . an) r 
- ry = > ha » 5 - 
- 
= ° 
= Oo . * - 7 = e - 
- ad ba bd be 2 e a CJ bs . e 
a a iy - = o ' . Py « « 
- ° Ps Oa - e a sm 
a ~ - 2 48 = - « 
a Cd . - U = f =” 7 i Ps es 
F= < ° C a - Fi - 5 a a = 
7 oe = . , re a 7 = ee 
- . : in : - ie 
. - ° a - - = - = a Bs 
- ow ay Cs ba - = ‘ e* 
cd ca B od . i =. Md - to rs - - be ak lad ° 
ce a S n " a 3 ' a ad O a ae = 
7 : 5 . 2 3 - ee ° a ” . . 5 - ier 
- -- ms - - : = : ‘ hg UT ~ oe S ef ae 7) = 
- = S Cay sd - . a) = ae 7 if . . ie 7 o . . A - S oI 
s : - Pd rd - ms . = -- ry - a 
- ba om * ' a8 4: L C ee =i - ee 
7 P a =: - oa .* - nd oe bd . - . a # Ped ah = - = 
Tr - ~ a a ¢ 5 S oa = P as i 
« es ae a . Py = = ‘ f F P ; ate 7 A v7 a es ; Bie. ® 
“eg e “ o- - - = - ° ¢ 7 a ‘ 7 nd 3 = * be Ps 
5 ae 5 ~ 7 * S 5 Sar? . r = a Pe . ois - 
me - 2 as : ws a - A 5 4 7 es x oe 
~ --« . a bd . Cs i a s = - ts 
a me = @. = Fy FI ok . art oa = “ 
os - ~ = a - Oo bd 
ar} a . - * * . 4 ny D 
- e , a 
: ie ee ore - ‘ . « H : 3 
es . ~ Pe zs . ort a . Uy 
Oe ee ee -” 
a e a a Fy - e “ a © Ps - v = i 
? i a ae = - = - = e Py . - eo ° a 
7 - Be ie iS - rs = Pa © cd 
ee Er ia A ‘ zs Ps Py = 
Es . : - . 7 p , Pi 
- E - “a = - aa =. fe a a a oT] : . 7 . 
- oa ce =] sd md a Sy . b . i 
- 2 ad be - i a bs = = > a 5 bd ad e A 
= 7 - _* = ees ’ 7 _ , / cm F 
= - BS = . . : A F . aor 5 or P , = 
- Ps ‘ - * * Sy a x - A 
ee tS eo -* - a Fa es = ae bs é 0 a 
a! . 5 ee - - . —. U . ] « 
im Aone ak : es Fs . S - r CF 5 - ra . - PY 
a F - 5 . S a = e = - 4 é 
5 « e ee | 
i s i ad ars . a - 
- ° - id @s . 
4 . S 3 ales e 
‘d hom a a PF o i - ' e « oa 
. oO —— , a im aay y A F 5 
= ——— =| PF 7 A - P 
a = a a - . ra . 5 - Py 
f 0 y e re - - - 
OO es é 5 Py - 6 ' » Ca) - @ 
t Sa ——— reyes . ’ , * ¢ a 
o aS « y o Py p . « ° ; . ¢ e 
— = ——as > y * 1 on = bd | La aad e = 
——— P a S r S . i - = . a. a ° 
QLSEEEEE cts , , 5 = : ar Fit 
ae LY 2 ° - 4 ba 
, oo SSS CE < x ‘ a PCO Hae 
<= EE oc ; re 7 p « D 
a —_—— SC) 7 - r F , ° pi ah 0 . eee a eee | 
———$———— oO A e Sere . ; : - + F 
1 XZ —— CO —— bs o ° » . od « - Py . od 
————— oO a : ‘ 5 : ae = Pap P 
——— . 5 r E hae o 5 er) 
| - x ; : 
———— . : . 5 . Fi 
‘a < _——— © = , - P a ’ O ° 8 ¢ 
Es oa = oO 7 ‘ 2 : F p : : . 
“2 —— we a = 7 _ = Pa 
: s —<—<<<< 7 ’ Fi ee - 3 - é j - aa 
R ———— 5 = e r ta é de vi a F 
i c= oO > 2 , p : 3 a ae) : , arent 
a." a $a - % . % U x a fd PB a ” ° a Ui cs cad ars 
a = e es ry i 4 - Aree r m 4 rs s Pe one a eS Ea ae Sp. pies 
ce 0 F:_-pp-~=zp»SW [™ QC) - Ps ‘ o v7 oe - a o = J Sd A tial Ae SD ee ee ee et 
rey} _ « t we nS aed ‘ Ms bd I “ . ls ll . ' err 7 i dle 6 eet OP ee ae, ee ee | 
apt N = GN ) o« ey el . oo B — ' * . del ed a * ° od A _¢ w bs \ “Sat ys guages Sr < eee a) oh ee ee Peal aed 
=*® = ——_—_——— _ % ; ; 5 . r D * ° oO ze . . 6 é , ie Ce a ey oer Sa coat on I ee PP ne a See ane , 
= w SS — OQ S ee Ld . E * 7 f be sede, tl aN, diate? ¥ sa thd he cond” He eee - of Pr 7 aS r a ae Sahat tia 
om N ————— Cy ‘ F - : , M * 24 oT a bs ” -¢@ ees sa ad , ks r@ at et a te ae he ne 
aad, . O i ra : ° ‘ . rl be re ry . uC *. oI S e- - - os 5 a « cd Senge. iiends Mae cat ata ee ee a 
roe tt ee . - e J iB - ta Lao o od S ¢ r A s ¢ . a da ey Lae Gt “Oe wg pee 
7 Li 595 ____ . . 4 id 7 ra Fa sold Be ed - ate he ED << 5-0" ~ ere 
of wo _ " ry q a Pa . a « io C ae | Cd sid a? re ar Ae we Pre at — = le 
sa @ _— oe *% e 7s ae ay " ‘ FI P r a. ’ Ci a ae! F r . re Ta ee vor Fe ae ee 
ae cL a a - . o » ‘ bs id A ‘ U | a laid oe aa ees ee re ee 
9 _— < a ¢ a - id . ‘ ca =f ‘a =! a a ae or etd ea) C 
=e i co a | . e ns od iid . LM el ae ar | ar nai wr 
i " rs = 5 - a a z Par) . i. - ere . a Pd mar ~ Te a ee —" ix mint he ee 
26g ; ‘ ‘ e es or 7 - . Po 5 ’ .« Pi ee ° «*¢ ¥v © - T° te » 1 pe Le 8 be ge St we et in 
on a ie re oe ae a he. i en ir a da o S t ¥ ’ bd . is 5 aa CK dt Te bi i Lf eg ct eg “st Car) Ee tee ed a ee ee eee a 
er ee ee or ee, Te Ps he tee ~ a ee ys ao B A y os oa . ‘ 5 go : ‘ peri beret 4 dha: 7 an a de deena aot ol elles a od hee ee 
Se a de Et take Ske ons he ee ee ee a a . oh row ‘ Weer Re 4 ra ° B ic iS be i Pea = Lon atta el CAC ie ak dd le ah ol aa Sell ed ont oi reales St a a” mma ae ay 
ahh Eek fetta Be TL ted tol oh te lh tte Sed oo ee 7 he. wot T fs Pe en oe Ds | t . oy oe 7 20. Y Pan ar . : led 4 ee a ts D J Cd fy e Vr-pe fi ~ Py er tte ee tet eli ees Fe pe ree 
rt en eee ee i ee a ana Pr | oe uu en ry Pe e ~ - PD . ° ’ ~ ri se. ; siure a, ; te Kelas aie a uh he Pe ee, 8 Pg" Ft cog? wate, 
~4 ST ee ee os ee tts © <u a he ed a. m-ehem oe ¥ « . * = - od . Lg ci ~ be EEC - 4 od Ral Un ae shi ta 1 die IRIE Net asl tale Ty OE! OG! Se BF ate tp Gt args oe Sete Wh af he tke 
s Ot ee ee ee oe ee MPrareQo- Pee a ~™ fe . S™% Emme % ~ 4 . * +) é ° a fi ‘ md i hie a ES Deal ne eee Le ee tL sate edt ala oe r* oe hee ee ee eee 
= a ete) ae! “-e-q" <i Sadie Lt he | ia] a % o “a - } 4 rad . a) = he ae 4 oe ° ’ lath! ol fe a ir oy VUty we se adl e aeet ie dele ae rn ae Cea 
a ie OU ee ee ee oe W% Py a] a a Gees er i a | A Ps o- - e . * ~ , . # io . - * be 2 ee ee oe ee . el oe OE tk Phe ie he hd a oe ots a AOL OOS A P83 gi ee ee 
ein iets eee kee te, tet SC LT i s eo ” t« - oe ae n " = ’ F D ae es or ¢ © pte OEM FI 9 ee » edt Lia ag ge a re. a e ee a oer, ee ine ee 
et ee ee ee rr ap Keates tated ae tee Soh ke et hel . —_ ee aes Fy 7 ae a) - “or i “dé ed Fi Pd ie t Ld be CTL at oN ct ale as al Cet ore Pee SE dae De es eal ta hE al ge ae 
aera en ne ae ee eee oe ae ae ik ee ss se WHe rr a " ' a = Py . a es ° ait: ” eee oe J i Pt ee Vireo yw oy r Sahel al le nf ee 
A erg ek ie SE eGR Ree De A see ow ar . . ee ae « od . e eta : a a ol , ; ge a2 RI 2 A, et al te le itt data de ae ak elie ok ok ad ek ae 
ite a Sho atten ees el ala aoe c le, Tiadeth diab, her edi heen itt La i . tad ~ neat 2 | a - ‘ 7 - ° *< Lt ad bed i tend JC é Ld J ts i Meh at aM i toll 2 het latin Thiele tee teed tl ae fo ee er | oe 
ah by adie ti eat a eetie Thiet te eee Per ns es A at ‘ an? 2 Se » & oa . on . o ad es hae - nn stelan eS ese aS i ie ie ak eat Ae Se ee LT 1) Pi - Fe eg ee 
- oa er ee eee Pere Ete os ae | we a 3 » Seed ' "1 ay ® ' - + é : r eve Pa ao ved Ped a ao. y z ll i ad Poe ee . Ee a de at ee Tied ee ee 
Dail ter ah oak ce eh tak ee ee St a to, oh ee ee 1 a ts ny FY a ~ U - - 2) = site bd : Cals di Is! = Gi r By ls tad ‘ie fo: Aa i ks aa el oe tad ae a eetihetteh attdeclta sd hk 3) i in 5 EE? ote Sy fers 8 reer 
so ADA fay EA Sanat Tn on tah ne hes rast, a ee ee ne | a ee .e y - ow 7 w we we iu ‘ © 5 J Ca cla ° : ces Ba Se lt Meg gies 2 ft Mad ees Lal hl bo AE nie een Leek a aD a ee AL ed et Tae aa et ale ee eee ee 
Pik lettin attics letetn shncty taheiteec, tee tn Sh ce Ih tod hei Le LTR ee cee ee Pe te y ee a . ® ‘ . . . . Li ‘ o of a3 . 2 2 * ciel einai dae LIK al ca CF A BSE O OL E ON OP ME 1g). POR yA GT TAN EEYE LY peg et eri 
ee ee ae ee Ce ee " WN cet Se CRY oh ve - ob e Ti rs . o aia « Pi S a te id oe rf : Jer 6 - nll dy Ue ail Md gh le trident Ie dat lees oh chal de a MS eae a ee Le Pi 
a ee ae ae Lo %} ORS ie” . a) he ad Ul EY ao A Bd | - r ih Ls P . 7 > . is * BC aoa = “ Te BE AR - hell tea ett daa dew J bel tall de bee Ee te Pots ad at wile een ee 
fe rr ee ee ee ee ee ~~’ as ee, iB a ot ae a a - I o rh ML delat Soe | . oe . J ¥ Li oedalhelt cited al A Se hee a dat Sella a Mel | ede A oe oh ee Pee ee Berar eel 9 Spe 
Shae iets be tn inthe a tn Ak ed ee Te so eae PS — . 7h a aa aa ° = Z a iu * & r , eh al Meet Lae be sal dodo? 3° D> pt ler sey lah ica Led bee ee Sedumdia cote 
ges a ears Se te ee tn eae hs eT) Oe ton ‘ony et any | u t&< ee | a o 1 4 - Lu - eet a dh ie Alt Fidel tlt dol, ed ed a birt diiatetieias, Reith thed dda et ia Te ee 
eek than tee, tate Ties en 7 et Te wren mee oe wr , ho - A ry co . 5 r fe J a ee aie a it afters al i bs hae atl LD Re te le he eg a ee linet bt af oh ade ok tral ake an 
eS ee ee ee ee er ot a a ae ed bile ee en i . 8 hs Oy ‘ hel Ce Le a ie Ct Ae a | ° oy Ca 1 a fi a Ce i is al * * a ’ 4 le pele neta aN bd ee Le ee) Prt LN ol Ad aude ok de OY cert oe et Pr ore 
a oe te MRS Me LES “SRL ee ars wewaeh: & ie al ae 3 _ : | =° a a r@ . % a Pallet i sd a ane s | ad Sor i LP OE shot) tka elle Mt atl tel dak eM ald Se eg et mo ee aT eae 
wee Me Se ee ee Se eee ee Ce he ras a . . , . P Te wat . eo. * % ] oa Ls e ¢@ id id ae -é ahd F ee ae etd ct ee ae ae od Le had ed ade ee ee 
Re a ee oe eee ee te ee Ce teh oe ore ae _ Cn Whe yt > we * , . * L ‘ ot] so ‘ i es . Aiea oy OLE OO NOS B08 SRS 8 POF? oe 920" ta iti Attala ialast brad. Sait | hed te abe 
i anelet Wied tie Sob BRS be So be tart Soe de add Sh Pe ne = . vo, pet a =e f . ee 2 . “ ’ recs Tid ae Ue d ~ ined a id sake in aahtl al sed halle Sdbed oda it bebe wketied aX kot ie el ood ne ot ot gene 
“ysGiw ed, Leet nd -yrget =. & A Sty, de be Ino od et a ee Se hd en Se a ©- an o aed id ed 7 bh a ad — bs LS eh i Abd Reed fae Me pet seed hd dtl al die Mk del el adele Me bie Plo a 
a ee . ee a er ee eg . oad oe ee * nc wee » " ‘ . Fi , ae | a OCC er - i g o ca A a Li i OR ae a l e d al eh Se ot Line tn ee ht yn aed ot aT ee 
ee hk eee 5, SFumet gs rs ae ee ee Se ee a en or rns . : wu ®& * 5 v Y Oo , Ba Py a) ade idl id 2 Pe tad tal A te ab at ol 7 dehdehed Ee) de ok ed en ee a hl ie eed 
an betel beh ia tiie tl hh Pea, eh ser a Ch leh Bk Oe BL ork ein hy ows —— na | - or PPG * fe y es hh S «- os ? a pe th hs - gee j ye HF pedi hia aia Sele des diea Ln a de ol eT Sl ied I al aie tia tL lel eek oot att) 
Pie a deh ee ae a | seth, te hie Melt tel SLT SO, le od Lh ed LS Sat a! y ek Ves“. . so » § ‘ . . ad rs 2 Lit = {ee TP ee he Bf Crd F ¥ i Pls te One ok tee De pint dl AD ot ee A Py BEER Fy OW? de ing Tint ge 
SR in Sh, en Sh ne ee a Eh eth ed ee ek tk Pee ee ae ieee btn Oe te ee a a eos « , * : ; sf SS - a eds : cite fad POR tivin th Thiele bn Pt peak Tene en Mot? Ment tit ada eel 
Se ee ee ee ee Se Se a ee te? PQs yet oH So Sees ok i ane NOG ant a, tg can ‘ Ds ‘ ee 4 ul lade ore iia TT < Set eek deed Le Ab hie o> ls a ht ab os tl ht eles OEE batt nk edens'dh te han) oh et ee 
sia ten a tnestiettili Nin Mili Rin alec, otis. Les. Ton. Shapley inn ti Th oh kek Bm tek ie ee ee ee hs en ed ey ee ek he - 7s ee hd . ¥ r . 8 be bd » pet gibt) sd d psa lly ¥ Cot” 8 Oe et FER ewe: pi ed oe ee ee Pet ee alae Ble tn ot ee 
Pe ge eae re ee ES ee Tice We QA Bee o Gene, ee 2 a eG thes dhe Real ah a oe es % | a Pa o . . ¢ bs > é sts ed ie ae Bed tdls aL De dahil et Re lel oh hed se ene Yt ee Se ede el ee eee ee 
Ee Se ty a Sa th tain tat te a ee a tno 5 we Qete he Ee ad Tr en a = ¥ Cr ee er eee r Ss aa | a onl A . B ve - co .— 8 : . + de : Ci ae ee oe add i ie ae ee ee CL PLATT | Fey the dtc bt dada oneal meh ie ee 
Ne La ekente. Sh, Math ae a ee hh oe ee Te ee | a = va pid Ws ho ek, a ee a a on ed ee or = A ae wit . , A tad ata Thi Rect Waal oh 12) std te alii hit aialt Ik dol! le ol sp od tod Soe a} bie T dem aitll daieta tte tet i lee aed ok ab eemonet ac or 
ols Ritter te Se to te heen i ee Te Te Ol es Sek kee hs ie a) on Th er | Ts ee eC U tbe . edt |S Sos lad ae Mies ac all i al das a bell lea De Le Pr Laat ol oe ne Ptah, hte Sete Oh oe oat al ata 
Flakes cilieah.-d. te, Midas thE ttik nts bac hell Sie ie ee eh Do et oe ae ie Sol et A oe Oks oe ac ee a . , oe r J . td ek a beat PN SMM A hit ee ee ee: ee al Lf tees Pe Chita. Tucenta tad de hare es 
Milks Ti ih hiectetadaes heh hn tech, bib tiple Mi 4h, tateleaalien bte tes Dh he Te ak deka ee ee th 2 aoe oS Ph th aes Pa ae i J bd ye F S Pe ee oe | ‘ ° e- aa SI ae Se ae tek De Ail ad ha biel Me Ae ah bc dal ad Eg Et ol oh 2 od doh toc Tr eile ea it ake a? Ld tall a of hae a ae ade 
Jy Sh hes redial oth Machete Miele haunt bet etek Agate Alb fine te Meo th L th 2 ie Rate Set Pe kee We rt a ee ts Te he an : tT . a " ¢ . ry heeded i ’ pt repeat tached toh, ad th adheddealialee dod Akad ol ala, uae ae dh ne eet ok ee ee ee Se 
ee te ek ee ee re foe Pe ee ee Se ee ee Dede eee, Oh kT ee ee ol te eee ee Tie i Tn Pe sd cr > ad e v €.¥ oe a Cr Ah S a ei ‘ me adh it Aid, Soul th aL ol aah sat Mie iste Jol one) ok th Lite B ee Rook tet Ta enn 5 eo eee 
De Bd ee ee ee eee eh ee ee ee ee re an © wena tk Oe a ot @e¥% i eo oT $9 G' ben 0 e: | ¥ a) bald . r n fos a: rhs 5 Pes A os oy . rT tie J . bd cl ? . liek ant Dh el Balad at * we tee Alon ero ae ay dt halt Aide elated le aed eel eee a ee eee 
ph basa 14 -tabcich ip ight tate ck tp Richie Mies edit Falling hy sit to, Wea etka Ta ca ek he LL ON ere oe ee Pa Ot DB e eel en et hae a es »E 6 ‘ a 7) 7 er Eka ’ ap is . pe Pee te ee 28 aD ETe HERO EEO Ryle MER OP aya wHO Ne Kgs Be beled alla sie tia deel del deal ahd he edad ae ie ee 
Ss Tat te ea et ee Oe enh oh ia nt ee ee Oe hee Oe) eS D “© Te a % aed te Oh Pe s Tt Ten nd ve i . 7) é . r « Liat it i Be Ml ae ed eee a oe ce ee eee Fl eA a dee hd Oe dl 2 led ee be et ee sae’ tr at ee 
Sk bas ee nosed a, ete nae riatey teiotdac a eG ee ee bore rte Ts ae a Po oye WA ure § f ' 5 ‘ " = rn . — Pe “ef f Ne a a POE oe OREN? = OME Peay ny A nie tye Gop araisy Oe ed dee eh Pe a td ot eh ae Lu ee Sn Pete ee Pe nan 
De ote hte tt thle ee ee ee te at ee Se I ek A a el ee eC Be a Pe ae a ae hd eb ae ; " A > > Staal Ophthal he ad ash ee AS dite ae Lie) cot i ie ee Mets ditbh sey Lhe ests ta, ee ead te ne 
Saati te Satis Se hed ait tl ebh She te ewe ted, ah eth Se ages sg OMA OW sal or os * a - ae | 5 te le ply itl AO Mog cL heat Spat Ve Adebhd eters Ii. ck ea dak ee del “hah eae at aol at alee ode tre ond oe ade 
ae et ie ee STOW Se RED CMe REED 0. Rs Em, bw n= oy we “i o —— oe a er r © =p. FY ‘ oer ac] Ce ae ee 2) as Cs Pee We 0 B= anf) Jove et the tees ee ae et ete pi dhetlehaken dated ns ted col cat ried ete a 
bags de sah oye ee eh pate thom eo edn tet a ore eee hoe atte tte Qu we yey Oh a: ie fe Ml Ueto 4-6 . aa La pagel i ont Ci den pa it gy all A Wt che Oe ob) steel ded tel bbl of welt he te ee 
bt Ae ee ee ee Se ee ee te el Mea Me hi ee a Sho a » Pe et oe ee oe a a | res We # bt a ") ra a ial y erry o Oe he UO Mibcodea tian oe ak te eee eet rete pelt a rented a ca 
ed a oe ee ee ee Re ae Rh he hel Seed ek ek SR et ee ee le De oe Sk ee De a Tk Si Ta I nak Me et ° * . ‘ o as ae 2 i Le Td ih ae GA it te bia aes oS aide ‘ent ae Mais Mee doh TE aad ok peek hh ad dit aod at eted Li teeth ee) POT ds 
et ee re en ee ‘ mee Dm Mesy OF 22 Oo ee ie ee ae ee i ee. i cS ra | a Zn hs va Li wt = i] * an ‘ lL tT he CI le he abt) Viet ed Aha A pede pels Be Be bie d el ae i Te ee ae 
Re Sachets ieee Ties Pest toler te ht sh Silt teh Se Teeth tele Ed ee te ke Pe on ee oe 6%) wane & LS » san) ron eal e F a aaa U a 3 7 Lim ied ts Pie | rar ah OF*.9° PLS ip edd lll niet bt eee ok tT On ns hel 
a ee ee bee tana Theta Retell b Od tein 9 ePUM I sse ee he ns ee i ee ee ee eT aa . a , we -te a * =t ? ‘ Sarr’ “tres, «ates . +r ame DMD Dicth tidil RidiL inhi dd SA ad deh ineds ne cit ee ohtuiebadel aa) eee 
Ea Po ee lel. thetal Ghent lot to teh OE oe Se eel ee = as a 1 tot a o a | oT r oh I he lie Met effedb gah Pil hone Y phd peed ie ts hae ce eg oe ant th, AAA dante alenieh th teed ee 
Cecon® hints Oe eh teh cite ta Oe ae ee te ee eee eg oh 1) a} ae ae 5 . 4 “e F pe = verre et year f fab Led Aah dE atbethih St Mell Le A dad J enabbiie a Geo hee ens hth chelated bebe ook” ho ea 
pa es rey iY beth Shin, While hbk Fa cl ae tke Oe he PERE. Ee e ae i a “" ar aa 4 a ‘ , 3 2 inde’ Riel eae err Shed ikki h Ds Bie Ail hb a i te ee ee De he hott tal nd etd fae al \msiatinieni ah aduahadhict can ak 
des oa sind oh erie eh 6 tp ha ee A i ta oh teeta Re ad kk Es at Tk es | . Y ‘ ‘ ’ ie s 4 fd 3 Spd gE No he ald Dadi ALM Bar soy Le eheiela chi tt DR AY hae itt Ae os ise 5 hale dees CA Met etal a ih he ee 
Ph tanta a Ls ele A, A gL Se CeO i Ak Mii ih Si eld Ss Sk a SO OC ces eee re a mh Mako). CE . a ab : a OLLIE! eh AY abbelte fatal IU? tEAM Ad. Bid ib nl Machi Wh Rebbe al Jd ako baad MR Latha aid Macs oat a nen ke prelate a 
ada th Seb ca hae ha ot, tee ta ts tie ta ea a ah eh Re | th el at SE OS ee A ee n LT) ee ee de ith A t 5 - - L id A ‘ ieee Ae kde» Li bel hi I Da ee we bt LS Meee eT 2 vt heel hetinedhl Mit UA 21 bol ee eee peed ar 
ae ek ee Sie ee a EVO Qe 8 Or ek Wey 5 Sa ee ee eae * t- bene 4 4 ) i ' « Ye ote a o oa Ars Us iy = Ae ie ol AR da teetl  ateK Del oats lak aM Len eee heed bielpe lf te ae eee 
2 aie di db i gh Bh =i Roch Me Si Shp to State: Th dbl tals Soe te Da eee a al ee ee a : an : t p i J . ‘ - Y of oh tie La a ios Fy ee a ee OP TEE BGAN Kar OE eT Fil} Mhaiathsdinpien a bbe ee 
eh ee er oS 8 Pare ke eet mee a er OC ee FP oe | © Wetey « 1 4 2 ‘ * FY r fi F 7 L 4 gh . fp) dob $A Sette!) Ml ea Dad ork, th a bel bee Oe fede Be eh SiS eR re Mah dente pb hubeeh lee grin eh alrite 
a i eke ae ra eee Thttbtbintn ee TkCe . te. “. ¥ * Ft we ¥ ac) 43 ited int ye Mak Wt Bete de be oka teiin ot ae Eta bah tt deed aad to aed oe ote Werth dated ten shoe ke ane 
WDE Heed Sie Sek ch Bea ete os eh Se teh th eh ee ee Re ee ate 4b i 4 ao aT = ' . bd J ; f Rr ate a Dieta yet sli Mit Ninel A ict ho helt Kh det of gill thd ht Koad AAW ober tad tet el eae 
< ys eon a ke i te Seo ees te) es teeth tote ay wad ee or a ‘ ‘ cer . Ce r 4 f i ‘9 - Pid I Aad Ait ht - dh ene ae tie Mel ah Bee) On i 2. pag T hd vag g ep Oh A ied Te ae padi st tie ue ete 
pai, deed th hth pth ienee on, DR ek ee er ne Fiat tet Me Ol Bre Oe 7 f Veow ST a ¥ r . ay at , ’ ~f 4 Cal Te Gol ie ees Fed a bh ak tell Aah data) A Do alt ot Aid ol ale ee ee on ee ae Pyotr, Ul ch es hee a ok on ak ot aan, 
lant eadk Dake ok a A he de ak cade ee Re OR sad a tes oa ee A Gc) pe eon | LSS a ss Oi a n * ees y 4 HER ee (tr ie$ bos ehh cite oe pA > PAS AM Lt D cee Ti Aan TC i th eee we fred ee Ft anole a 
sad Mma Dertath Meth ba pets Ts sb ad Ee ie See Ss the Let ee hh eno te ed Te t-9 beh Oe teh 5 a we Tn ee Pa A A 5 ‘ Gi , a ity 6 ra) e 7.8 elt ele ath elie!) pl og AA Mod doh al A oh Uk h SS ok eT % Meeks aa hel eee 
See Wiley o- tp ak 4 Deets Mh ed. iets th eh ol inert Prati hee oe GER MU Es oe oe or ee ae a Sn y e cn " we on o : U od Se See Hes et j a Jt Ts RS Pith Shaka Sah Sh aah BAS on ae eR FI) yp ah teh iit tt de! ak br et. 
ete aaa ain a leiah teh wei, et Chih tate Dh ee a eS oe eee ee ee ec nar roe ae ee i ee 4 o | & ed rth a | ed f rib poh l A d Lol atl be od sth Wide dials he ah tat ae lo Sh hk ae kT al ed ht adh a en Pe es 
See Oh Th LAL hb ae ti ee Tad or Fa ae Wh de Pak io he | ' a) ts a, & ms ' ry ‘ 5 ‘ to J 4 —_ a P ah W Ag r oll Sal lags ped BME alll LT) A oy La Ph ah dad Fie AL hte Lihue bd ohh tera gS Lnipht dabiet tiie of tke Lee 
Se eee te ee ee et Ledadth hb kp a Nh th Me ee Oe te Oe rok ara ts & wa} rat F, 4ae 7 ’ p “pg ec ae . wel sis re, le a! ae eo | didil ds ob hole ak Tn ciel rey Or es jj rede ett re ne eee 
= ee te eae “te i te peas Ol At be Teh te I Se ME a | 6 GW ULE rat ‘ ' Lh » bw « x i i ‘ os de ’ 4 o uf ee ut | tah %% ryrsuy ss +s Dan om Chm La Ab oe ” rie LT Lays bes a bat A i ee eet een eye ten ee 
al . a at hee et nw ee tae tae hl tee otek Aes ae aa | a j « a) wet " y 4 : , 7 tbe alia ber Mera Pi od ol Le a eh be bbe Ge Pee eae) wg. de, " eer 
“we, EON Re reer er tre Sr Pa Yi han ts te re aes eee es Ya PT ak ae et Ln he ee 5 | ra , 0 Le: ad L - ee? ft os ae ere Bee AC 9. 9. eer vier Wear Pun Pe cat Bee “ Ty ie ch tte etre 
Se eee es eee ye ae ais ode in Ae ee ee “ha et Pi ea Ses, wo ey, rs ry oy " 4 a 7 Pa "a Vie | Pd F a Lé Ley i J tee he ee at eed od fucks ie ot ae hd ie a Oe a le ae) es ce | Tee oe ple ro) or ot) £4 thf vs beac 
a th a tin hs eh en on ae ie ee a ee A ae Ao™ Une a] cP te, yt i ‘ ie te ee 5 ‘ a y “” s , a) EE Pony! fie! ge at bid ddl Mk dl dhs ah AS | Re art] b ted idee behest ett bd Cat a (tee ee Oe et 
Se. he ee eee ar b ded ed Th et waee 4 Le i ed ye 4 ne | wv ae al 2 A ull. Mi ‘ 0 . a i ae - Paso ciel seiner La aa ht BA Met bk Le Ree Ze Li lea ae Dee a ed ie ak oe Ie OR ee ee pent Y Sadicharlh sth) albanien 
re rr es ee td ty 2 Oy Oa oe A eee ore ear ve a a ie ee at Ae . ae wien 66 e cd Sil Se ae et Wa we B® oa . ES ss 
he eh eka eee Skt te ee SS Ss a Wa Pik | ey Wek a Os ee ; re es | —a nad 
RR lie: Bie Ry SS ly De Nate te lip iy Y 






